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lutroduction,

The followiug studies were beguu at tlie Zoological Station in

Naples late iu the Spring- of 1885, and were coutinued with several in-

terruptions until the foUowing Janiiary.

It is difficult to express my gratitude to the Director and Assistants

of the Zoological Station for the personal kindness shown towards me
;

to do it in words would sound extravagant to those who did not under-

stand the peculiar circiimstances. It is with mingled feelings of hum-

iliation and admiration, that I coutrast the uneertain and hesitating

Support given by Americans to such a purely scientific under-

taking, with the frank and generous manner in which Americans have

been invariably treated by the Director of this institution. Whatever

may be the reasons, or apologies that could be offered for such a con-

dition, I sincerely hope and trust it will not remain so long.

It was my Intention, originally, to study the anatomy and develop-

ment of the eye of Pecten, hoping to find some explanation for the

presence of such a large number of highly developed eyes —if indeed

they were such —in an animai which. apparently, could make no special

use of them.

Accepting the modern theories of evolutiou, we are brought to a

Stand-still in attempting to apply this method of reasoning to the ori-

gin of the eyes of Pecten. There can be no doubt that structurally.

they are as perfectly adapted for seeing as those of the Cephalopods.

But while two eyes are sufticient for the latter animals. Pecten, whose
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complex of activities is far less intricate, is provided with nearly fifty

times as many! It is absurd to supi)Ose that these inactive creatures,

with hardly a trace of the higher animai functions, should ne ed a hun-

dred eyes. But if they are not necessary , how could they have been

developed by naturai selection ? Eveu supposing them once developed,

they must be an enormous vital expense for which the animai gets no

return. Itiscontrary to ali our conceptions of evolution, to suppose that

these expensive organs can be long sustained without some beneficiai

return to the animai. But they must have developed once, and we may

be sure they did not spring into existence, Minerva-like, armed with ali

the functioual powers their complicated structures would indicate. What

factors, then, could force the development of these organs to their

present height, and sustain them there? That was the question which

first induced me to study these eyes more closely ;
the facts related in

the following pages furnish, I believe, a partial solution to the problem.

I desire to say a word in justification of certain statements, to be

made in the following paper , which may appear too dogmatical , or

without sufficient foundation in fact. lam, I believe, perfectly con-

scious of the uncertain ground upon which I tread. That my statements

concerning the originai function of the ommatidia, of the eye, and of animai

pigment, are positive, is just what I desired. Facts must be tested in two

ways : first, by Observation, and secoud, by their );touch-stone« proper-

tres. An Observation that explains nothing is no more a fact, thau an

explanation founded upon nothing. In this paper, I have attempted to

apply the same principio. I consider my observatious as worthless

without their «better halves«, the deductions. My observations have

been tested by their ability to support reasonable deductions. It is

not a theory that I have tried to make, uor observations, but to marry

theory to Observation, to obtain facts.

Positive statements have been made for several reasons: first, for

the benefit of the reader, that he may iinderstand what I consider tobe the

signification of the observations; he may then reject, or accept them as

he sees fit; secondly, because, I believe, to weigh an Observation with

this and with that, and after a long discussion come to the conclusion

that we know nothing at ali about it, only burdens to no purpose the ai-

ready overladen literature, and might better have been left undone.

I hope the reader will treat my deductions in the same spirit that

they were given, not as dogmatic statements, butas tests of ob serva-

ti ons.

From the unsatisfactory results obtained by the study of Pecten
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alone, I was led into other fields where I should bave been working stili,

if circumstances had not oblìged me to bring this paper to a dose.

The arrangement of these pages does not follow the order in which

the observations were made, uor any system, except that which appeared

to lead up to a better understanding of the more eomplicated eyes.

My studies upon the Arthropods bave led me to concliisions as

widely different from those of Grenacher as could possibly be the case,

even in such eomplicated structures as the Arthropod eyes. I bave the

more faith in the observations , since they lead to the reduction of the

essential parts of ali visual organs to one structural pian, which can be

follo wed through the whole animai kingdom, from the lo west to the

highest.

I bave endeavored, first of ali, to obtaiu as accurate a histological

knowledge as possible of any one eye ; upon this knowledge I bave

based my conclusions concerning those of other groups or genera.

GtRenacher's ideas bave received such universal acceptance, that it

is almost entirely with bim I bave to deal. But my own observations,

and the Interpretation I put upon them, dififer so widely from his, that

it is impossible to accept bis terminology without great confusion. When-
ever it was possible, I used old names ratber than invent new ones; but in

many cases, I was obliged to adopt the latter course. In the follow-

ing, the meaning of the new terms, and the added or modified signi-

fication attached to the old, will be explained.

In many places upon the Molluscan hypodermis , especially those

parts exposed to the light, the cuti cui a is divided into two layers, an

outer structureless one, the corneal cuticula, and an inner layer,

the retinidial cuticula, filled with the retia terminalia, or

ultimate ramifications of the hypodermic nerves.

The ommatidia (PI. 32, figs. 128, 132 etc.), or structural Cle-

ments of ali eyes, consist of from 2 to 4 colorless cells, the retino-

phorae [n. tf.), surrounded by a circle of pigmented ones, or re-

tinulae [pg.].

The cuticular secretion of each celi forms a rod, containing a spe-

cialized part of the retia terminalia, or re tini di um.

In the more specialized ommatidia, the rods of the retinulae dis-

appear, leaving the double (Molluscs, Worms etc.) and quadruple
(crystalline cone of Arthropods) rods of the retinophorae.

The apposed walls of the retinophorae disappear to a greater or

lesa extent, so that the nerve fibres between the cells come to lie in
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the centre of the group, and coustitute the axial nerve (PI. 32,

ax. n).

The retinulae beeome modified at ccrtain levels into pigmented

swellings for the protection of corresponding parts of the retinophorae ;

the remaining parts ave reduced to colorless and hyaline rods, the ba-

cilli bc.

The retinophorae in the Arthropods are expanded at their oiiter

ends to form the calyx (fig. 128, c. c.) containing the crystalline cone.

The attemiated inner ends are united to form a hollow tube, the style
,

(fig. 128 st.]; the expansion of the inner end of the style, the rhabdom

of Gren ACHER, is called the p e d i c e 1 {pd) .

The fused, membranous, outer continuations of the inner row of

retinulae constitute the sheath of the calyx (fig. 128 rf^).

The compound Arthropod eye consists of a double layer: a thin

outer one, the c o r ne a 1 h y p o d e rm i s , secreting the corneal facets (fig.

128 c.hy.)\ and a thick inner, or ommateal layer, consisting of the

united ommatidia.

A reti ne um (fig. 132) is a collection of ommatidia in which the

retinidia of both retinulae and retinophorae, or of the latter alone, form a

continuous layer, the retinulae retaining their pigment and primitive

arrangement around the retinophorae ; e. g. invaginate eyes of all Mol-

luscs (except Pecten) .

An ommateum (figs. 133 and 138) is a group of ommatidia in

which the retinidia, produced by the retinophorae alone, are completely

isolated; e. g. the compound eyes of Arthropods and Molluscs. Aretina

(fig. 140) is composed of a group of ommatidia in which the retinulae

have lost their rods and are transformed into pigmentless ganglionic

cells; e. g. Pecten and Vertebrates.

The term ommerythrine, I have applied to the red pigment in

all eyes, whether confined to the rods alone, to the retinulae, or to the

underlying tapetum.

Chapter I. Mollusca.

Area.

Area Noae^ and in fact all the species of this genus which I have

examined, are extremely timid animals, the slightest disturbance being

sufficient to cause them to close their Shells for two or three hours.

One unconsciously associates with nearly all Molluscs great stupidity

and sluggishness ; Iwas, therefore, surprised to see how quickly speci-

Mittheilnngen a. d. Zoolog. Station zu Neapel. Bd. VI. 37
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mens of Arca Noae closed their Shells wheuever a slight shadow was

cast upon them. If, for instauce, an aquarium containing* one of these

animals is placed in a room well lighted from both sides, and a band

put in front of the g'lass (care being taken to avoid any jar or shock to

the water) , a faint shadow will be cast on the animai, sufficient, in spite

of its indistinctness, to cause it to dose its shell with remarkable quick-

ness, but always one or two seconds afterward, the promptitude depend-

ing upon the depth of the shadow. The sensitiveness and rapidity of

reaction depend also upon the vitality of the animals, always being- less

in those whicb bave been for some time in confinement, yet stili so great,

that those kept two or three months in small aquaria, with no special

pro vision for food, ne ver failed to dose the shell when a shadow was

thrown upon them. Stili other simple experiments show that it is not

necessary to cast a shadow upon them, in order to prove that they bave

organs specially sensitive to light. If, for instance, an ordinary, black

lead pencil, or any other equally small object, is approached with ex-

treme caution within two and a half or three inches of the anterior end

of the open shell, and in such a position that no perceptible shadow

falls upon the animai, it at once closes its shell, and with the same ener-

gy as when a deep shadow is cast upon it. If, on the other band, a glass

rod is brougbt within the same distance of, or even much nearer to, the

anterior end of the open shell, and moved quite rapidly to and fro, no

effect is produced upon the mussel. The last experiment shows

that, in the trial with the pencil, the closing of the shell was not pro-

duced by the disturbance of the water, since in the former experiment

care was used to avoid that effect, while in the latter, even a decided

agitation produced no result. Ali three experiments —with the shadow,

a small dark object, and a small transparent one, —were repeated at

least twenty-five or thirty times with dififerent animals, and under dif-

ferent circumstances, and invariably gave the results related above.

Moreover, I bave watched the animals many times for extended periods,

but bave never seen them dose the shell, unless startled by some sudden

change in the intensity of light, or by shocks or disturbance of the water

in which they were.

I bave not made any experiments upon Arca barbata or A. tetra-

gona.

It is only reasonable to suppose that the organs of vision, which

by the foregoing experiments we bave proved to exist in Arca, must be

situated upon that portion most exposed to the light; and, iudeed, such

is really the case, for on examiuing- the exposed part of the mautle edge,
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one readily sees, with an ordinaiy band lens, innumerable, small pig-

ment spots, which, lipon closer iuspection, prove to be bigbly organized

eyes. But before we describe more minutely tbese iuteresting- organs, it

will be well to give a general idea of that portion of the mantleupon

which they are located.

In all the species examined, the same di vision of the mantle edge

into Shell
,

Ophthalmie, and velar fold was found (PI. 30, figs. 55

and 56), all three extending along the entire edge of the mantle. In

seetions, one sees that the shell, or outer fold i, whose inner wall is

slightly thickened, is thin and deep [s. h.f.) . The Ophthalmie fold [o.f.)

is somewhat thicker and taller than the former
; its free end is thickened

and bears the eyes. It is usually covered with dense, dark brown or

black pigment, most abimdant on the branchial side. The velar fold is

thelargest, {«.) although very insignificant when compared with that of

Pecten, and is covered with dark brown pigment, specially abundant

at the anterior, and posterior portion of the mantle.

The velum of Area barbata is well developed and forms a thin,

narrow and colorless band in the middle of the mantle, while towards

the anterior end it becomes deeply pigmented on both sides, and more

than twice as broad as before.

In all three species, the anterior portion is especially thickened

and completely covered with a coat of dark brown, or black pigment.

the intensity of which seems to depend upon the health of the individuai

animai, and always diminishes with prolonged confinement. If the edge

of the mantle be now examined with a pocket lens, a nearly regulär row

of dark brown spots will be seen, arranged along the summit of the

Ophthalmie fold, larger near the pigmented anterior and posterior thicken-

ings ,
but smaller aud much more numerous in the median portions.

None are to be found near the hinge, on the last centimetre of the ante-

rior and posterior edge of the mantle. These eyes may be divided into

three kinds, the faceted, the invaginate, and the pseudo-lenti-

culate eyes, the first named being the most highly developed. They

form slightly flattened. hemispherical elevations of the epidermis, cou-

fined to the anterior and posterior thickenings of the mantle.

The surface of the elevations appears to consist of a varyiug

number (10

—

80j of perfectly transparent and refractive lenticular pro-

jectious of the cuticula, which, when viewed from above, appear like

1 In speaking of the mantle, the inner surface means towards the branchial

cavity, and the outer toward the adjacent shell.

37*
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perfectly round , black holes , separateti from each other by chocolate

brown pigment. The statement of Will is perfectly justifiable, that

»one might name them aggregate eyes, for they bave ali

the characteristics ofthose compound eyes, which we are

accustomed to designate by that name.«

In one example oi Arca Noae^ 8,5 cm long, I bave counted 133

faceted eyes in the leftmantle edge, and 102 in the other. In the upper

edge, I bave counted 30 in the first centimetre, and 37, 18 and 10

successively in the three following. Then comes a wide space without

faceted eyes, succeeded by three centimetres. each containing 14. 20

and 4 eyes respectively.

I bave said that these eyes were arranged at perfectly regulär in-

tervals, tbis is, however, not strictly true, altbough, when observed

with a hand lens, such is the general effect produced. One often sees

two eyes so dose together that they form one large, ovai and double

eye spot (fig. 41). This occurs so frequently that, in one individuai. I

have counted four or fìve such double eyes in various stages of union
;

from one in which they form two eyes, so near together as to touch each

other, to those in which the double origin is only indicated by a slight

departure from the usuai circular outline, and by a shallow, hardly per-

ceptible furrow in the middle. Now, since the single eyes vary consi-

derably in size, it is difficult to determine in ali cases whether some of

the larger are formed by the fusion of two smaller, —the traces of union

having entirely disappeared —or whether some of the latter were

originally formed by the concrescence of two stili smaller eyes . On the

branchial side of the Ophthalmie fold, that is on the side towards the

light, the hypodermis with its cuticula is especially thickened and con-

tains numerous isolated, or scattered ommatidia in a high stage of

development (figs. 46 and 47).

In Arca barbata^ I bave found, in a specimen measuring 5 dm in

length, 91 faceted eyes on one side of the mantle, and 83 on the other,

making in ali 174, about the average number.

In Arca tetragona^ 10 to 15 mmlong, there are from 25 to 30

faceted eyes in each mantle edge.

Each eye is situated in a triangulär, pigmented area; in the thickest

part of the mantle, the areas fuse with each other to form a continuous,

pigmented layer. The isolated areas differ in the intensi ty of their color-

ing; they are usually Vandyke brown, and contain a number of darker,

irregulär, pigment spots, largest and most numerous in the immediate

vicinity of the eye. In some cases these spots are absent.
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The pigmeuted areas culminate iu a slight elevation, on the suui-

mit of which the eyes are usnally situateci; they either project some

distance above the surface, or occupy shallow depressions, where they

hardly more thau attain the level of the surrounding cpithelium. In all

cases ; they are surrounded by a narrow and less deeply colored furrow

(figs. 44 and 45).

The invaginated eyes are smaller, and more easily overlooked.

than the faceted ones. They form a narrow band along the summit of

that portiou of the Ophthalmie fold, beueath the ventral opening in the

Shell through which the byssus projects. A certain amount of light can

always penetrate this opening, which cannot be closed, and is only pro-

tected by a brush-like outgrowth of the cuticular coveriug of the shell .

These eyes are perfectly black, round or oval, pigmented cups varying

in size from .014 to .07 mmin diameter. Sometimes they form the

floor of shallow, saucer-like depressions of the epidermis, or, as in the

more perfected forms, lie at the bottom of deep pits, whose openings

have often become coustricted into narrow slits, extending at right

angles to the edge of the mantle. In the oldest examples, the pits are

less numerous, or often absent, on the anterior portion of the mantle,

where the faceted eyes are most abundant : in the middle, where the

faceted eyes are absent, they reach their highest development. In the

posterior portion there are a few faceted eyes and numerous invaginated

ones of all sizes and degrees of development, so that in many cases it

is difficult to teil whether they belong to one type, or the other. The
arrangement described above is that generally met with, and although

there is a wide individuai Variation, one is always sure to find certain

areas occupied by both faceted and invaginated eyes, together with

numerous, intermediate forms (figs. 46 and 47). The larger, and more

highly developed, invaginated eyes are arranged in a single row along

the summit of the Ophthalmie fold, often so near together as to touch

each other : while, on each side, but more especially on that next the

velum, are inuumerable, smaller eyes showing ali gradations, from

simple pigmented spots, or even Clusters of two or three pigment cells,

to the fully formed eyes.

The mantle edge in this region is colorless, with the exception of

pigmented areas similar in size and shape to those in which the faceted

eyes are situated. The number of these pigmented areas is much

smaller than that of the eyes , several of which are often situated iu

one of these spots. A network of shallow canals, formed by simple

folds of the skin, is distributed over the edge of the mantle. The invag-
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inated eyes are usually situateci in cross canals so that, in most cases,

the smaller ones appear like simple, pigmented pits in the floors of the

canals. It often happens that, when these eyes are examined from

above, in surface preparations , they appear like very black, round,

pigment spots, and it is diffìcult to believe they are really sunken be-

low the surface. But on the other band, if the openings of the pits be

closed, as is often the case, one sees a black, narrow, and slit-like

opening with the fainter outline of the retina beneath (PI. 30, fig. 47).

In the latter instance, it is hardly necessary to prove by means of sect-

ions that they are pigmented pits sunken below the surface; in fact they

are exactly the same as those simple, invaginated eyes in the teutacles

of Patella. The number of these eyes is something extraordinary, when

we consider that these retiring animals are already provided with about

250 very perfect eyes. I bave counted in Arca harhata., 51/2 cm long,

as many as 420 or 430 eyes on one side, and 440 or 450 on the other,

not including a number of very small ones, diffìcult to distiuguish from

ordinary pigment spots.

There is stili a third form of eye, the p s e u d - 1 e n t i e u 1 a t e , re-

sembling the last type , but not invaginated , and consisting of a few

retinal cells (to be soon more accurately described) , covered with a len-

ticular and refractive body like a cornea, or lens. These forms, diffìcult

to recognize except in sections , are distributed irregularly among the

invaginated eyes, with which they are brought into dose relationship

by a number of intermediate forms. I estimate that there are about

a hundred such eyes in each mantle edge (fìg. 54).

Here then we bave a genus of almost motionless and helpless ani-

mais whose complex of activities consists in hardly more than closing

the shell to avoid an enemy, or opening it to obtain nourishment, and

yet each of these lowly organized animals has 250 compound eyes, each

of which (as we shall see later) is apparently as complicated an organ as

the eye of such active and carnivorous Amphipods, as Gammarus or

Orchestia. It has 800 or 900 eyes like these of Patella^ and then about

200 simple and minute ocelli, making a sum total of about 1300 eyes for

each individuai, not including numerous, small groups of ommatidia,

too minute to be easily counted by means of an ordinary pocket lens.

Historical.

Whenwe consider that these remarkable eyes , which even a ca-

sual observer could not fail to see, bave since 1844 been known to
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exist, it seems hardly credible tliat tliey sliould liave so long escaped

tbat thorougli examiuation , whicb many less conspicuous and deserv-

ing Organs received long ago.

As early as 1844, Will (5) furnished us witli the first notice of these

eyes. He recorded a niimber of fairly accurate Statements of tbeir

general appearance and distribution , and, moreover, fully recognized

tbe compound nature of tbe faceted eyes , the only oues he appears to

bave Seen. His mind seems to bave been strongly impregnated with

terms applied to the various parts of tbe Vertebrate eyes , and
, ap-

parently on tbe supposition tbat ,
eitber physiologically or morpbologi-

cally, equivalent parts were to be found in all eyes, he has applied to

tbe Mollusca, terms from Vertebrate anatomy, when a better knowledge

of tbe facts shows tbat tbe parts, tbus designated with tbe same names,

are widely difierent structures , and can neither morpbologically nor

physiologically bave any characteristics in common. A certain »a

priori« bias is produced, vs^bich tends to confusion, and from whicb it

is difficult to rid the mind. For instance , a simple fold formed by

abnormal contractions, he has, in Pinna, called an iris, and has applied

tbe same name to the circle of pigment cells surrounding tbe retino-

pborae. An ommatidium, he called a simple eye, v^bich, iudeed,

could hardly bave been nearer tbe truth, even if he bad bad a much more

extended knov^'ledge of tbe matter than be reallydid. The terms tape-

tum, choroidea, vitreous body, and iris, appear at all times,

and in places where it is difficult, but in fact hardly necessary, to de-

termine to just what structures these terms were applied. His imagina-

tion carried bim so far tbat he has described minutely eyes of certain

genera of Mollusca, tbat it has required nearly forty years to prove do

not exist, unless indeed be examined other species than those at tbe

command of subsequent workers. I repeat it is a remarkable tbing tbat

this description, as accurate in Observation as it was fantastic in

conception, should not bave drawn tbe attention to this subject tbat

its importance deserved, or provided us with a more detailed description

of one of tbe most remarkable Systems of eyes —if I may use tbe

term —at present known to exist in tbe whole animai kiugdom.

Subsequent authors seem to bave been satisfied with Will's des-

cription, and deemed further knowledge on tbe subject unnecessary.

This was the case with Siebold (7), Schmidt (17), Sharp (18)

and Gegenbaur (14) . Tbe latter erroneously speaks of the eyes of Area

and Pectunculus as being borne upon special eye stalks. He also says,

referring to tbe eyes ^iPecten^ Spondylus^ and other Lamellibrancbiata,
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p.367, »Obgleich iu dem Baue dieser Augen manches Eigen-

thümliche besteht, so stimmen sie doch im Wesentlichen
mit den Sehorganen anderer Mollusken überein«. This

Statement indicates more faith in the uniformity of structure of Mollus-

can eyes, than actual Observation.

These are the only remarks upon the eyes of Area
, to my know-

ledge, up to 1883, when Carrière published an imperfect and inaccu-

rate description of the eyes of Area and Pectwieulus , in which he

falls to add anything new to the subject. At the same time, he ex-

poses himself to the charge of plagiarism, for be lays special stress

on the fact that the eyes of Area are compound, or »fan eyes« as

he calls them , and passes over in silence the fact, that Will had

long ago fully recognized the same —which has not been mentioued

by any recent author, —iu an article no longer easily accessible.

He has, moreover, produced drawings of sections, cut with a mo-

dem microtome and prepared with ali the help modem histological

technique can give, in which he has represented, and also described in

the text, the eyes as being formed simply of cone-shaped cells coated

with pigment, each one being provided with a lens-like thickening of

the cuticula. A reference to my own drawings will give an idea of how

accurate I consider bis descriptions to be. Such Observation» are of

double harm, for they not only introduce false notions into science, but

disarm suspicion , coming , as they do . from one who has made a spe-

cialty of the subject, and who is, presumably, equipped with a tech-

nique, which should euable him to keep pace with the progress of mo-

dem histological research.

The compound eyes , as we bave already said, consist of from

10 to 80 ommatidia, and measure from .07, to .14mmin diameter.

Each ommatidium consists of a centrai, colorless core, formed of two

fused cells , whose bases are directed outward and support a double,

highly refractive, and transparent rod. The centrai cells, or retino-

phorae as we shall cali them, are surrounded by eight pigmented

cover cells, or retinulae, arranged in two rows of four each, one

above the other (PI. 30, fig. 59) . The whole ommatidium, which is about

.04 mmlong, is wedge-shaped, the apex being directed inward. In

order to obtaiu a good idea of the structure of these compound eyes,

it is necessary to resort to some macerating fluid in order to separate

the different cells ; if the maceration is stopped at different stages of



Eyes of MoUuscs and Arthropods. 553

completion
,

preparatious can bc made of the isolateci ommatidia in all

stages of disiutegratiou. The maceratiou must be complete, in order to

isolate the retiuophorae from their investing- pigment cells. When this

is suecessfuU}- donc. these cells, on account of their characteristic shape

and general appearance, can at once be distiuguished from all others.

They vary considerably in size, probably due to the fact that they come

from eyes in different stages of development , or from different parts of

the same eye. This Variation, however, does not afifect their character-

istic form, since they are in all cases wedge-shaped, with a blunt outer

end, and a pointed, inner extremity prolonged into a long, varicose

nerve fibre (figs. 52 and 59) . The trausformation of the inner extremity

of these cells into nerve fibre is so graduai , that it is impossible to say

v^here the one ends or the other begins. This is characteristic of the

retinophorae in all Mollusca, and is in marked contrast with the nerve

endings on the surrounding pigmented cover cells, er, indeed, on the

indifferent cells of the epithelium . If the maceration has been carried

so far as to separate the rods from the retinophorae , it will be seen

that the broad end is abruptly rounded, and that, at the very outer limits

of the cell, but always on one side, a neariy spherical nucleus is situated.

It is filled with many fine and deeply stained granules, while , in the

centre, is a small but distinct nucleolus. The nucleus is placed so close

to the cell wall, that it is often difficult to distinguish their respective

boundaries. On the side of the cell opposi te to that on which is situated

the nucleus. is an irregulär, rouudish and refractive body, absorbing

little coloring matter, but sufficieut to distinguish it as the abortive

nucleus of the second of the two cells composing the retinophora. It is

not always easy . and in many cases I have found it impossible, to sat-

isfy myself of the presence of this body, but the shape of the cell, and the

lateral position of the other nucleus, indicated that the retinophorae

were, in all cases, formed by the fusion of two cells
, although it was

not always possible to distinguish both nuclei. The broad, outer end

of the retinophorae, —in the broadest part about .005 mmwide, —
is filled with a clear, finely granular protoplasm, a narrow area of struc-

tureless and refractive fluid surrounding the larger nucleus. The re-

maining portion of the cell is occupied by closely packed , transparent

and refractive globules, divided into two groups, an outer one composed

of larger globules, and an inner one of smaller ones. They are easily

destroyed by too much maceration, but, since a prolonged treatment is

necessary to separate these cells, it is difficult to observe this structure,

although I bave seen it often enough, and with sufficieut clearness, to
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be confident that itmust be the normal couditiou. This globular structure

is found in the colorless cells of HaUotis and Patella
, and is probably

characteristic of these Clements. When macerated either in osmio and
acetic acid (according to Hertwig's formula), or in dilute snlphuric

acid, the globular contents of the celi shrink into a small and refractive

body situated in the middle of the celi ; the remainder of the celi then

appears to be filled with a clear fluid, while, just back of the nucleus, a

partition is formed, dividing the celi into an external part containing the

nucleus, and alarge internai portion once filled with refractive globules.

In sections , and in partly macerated specimens, it is seen that the

retinophorae are capped by an oblong, transparent and refractive body,

which at once suggests that it is a corneal facet, or cuticular lens. This,

however, I am convinced is not its true nature, but, on the coutrary,

its structure, and abundant supply of nerve fibres, shows that it is

the light perceiving element of the eye ,
or the rod. This rod is

brilliantly refractive and perfectly colorless. The inner surfaee has

the same curvature as the outer wall of the underlying celi. The

somewhat broader, distai end is well curved in Arca Noae . but is

somewhat flatter in Arca barbata-, in cross sections it is per-

fectly spherical. The same fact may be observed in the living eye by

looking directly into the ommatidium, when one sees through the

perfectly transparent rod the black pigment beneath, producing the

effect of a deep and round, black spot surrounded by light chocolate-

colored pigment cells. In longitudinal sections, one sees an extremely

thin, cuticular-like outer layer, covering the outer surfaee of the rods,

and continuous with the cuticular of the pigmeuted cover cells.

Toward the edge of the rods, it is more distinct, and there passes over

to form the very much thicker, cuticular layer of the cover cells. It is

in specimens macerated in sulphuric acid, that one is best able to de-

monstrate this membrane, for by this method, large pieces with severa!

rods attached may be easily separated. I bave spoken of these struc-

tures as the rods, while, in reality, they are formed by the fusion of

two pieces, but so closely and intimately applied that it is not always

easy to demons träte their dual origin. To do this with fresh and but

little macerated specimens is well nigh impossible, except in abnormal

cases. I bave found two such cases, in which the freshly macerated rod

was formed of imperfectly joined halves, the configuration of each half

being as distinct , as though they belonged to two separate cells

^fig. 52). Such cases are, however, rare. On the other band, if the cells

were thoroughly macerated , in every rod could be seen a median divi-



Eyes of Molluscs and Arthropods. 555

siou, witli a correspoDding- indentation on tlie outer surfacc. This divid-

ine line could be distiuguislied from tlie lougitudinal porcs of the rod in

two ways, first, by its greater distinctuess, and, seeond, by the fact

that, during a revolution of the rod ou its axis through an angle of OO'^,

it disappeared, reappearing by a further revolution. This shows that

the median line is an optical section of the plane between the com-

pouent halves of the rod. Each half of the inner surface of the latter is

eonvex, a cross section of the lower end of the rod always giving a more

or less circular outline, containing two ovals, —varying in size with the

niveau of the section ,
—separated by a central band. On the other

band, a lougitudinal section of the rod may be doubly concave on its

inner surface. while, if the plane of the section is turned through an

angle of 90°, the result is a simple , concave outline. The rods never

become turbid by the action of any of the usuai histological reagents.

In sulphuric acid, they expand somewhat at the outer end, thus slightly

exaggerating their normal shape. By a prolonged action of chromic acid,

they become constricted in the middle , while the outer and inner ends

assume about the same width. After a long treatment with haemato-

xylin, they stain an intense blue. When studied with an immersion lens,

a series of fine, cross lines , whose curvature corresponds with that of

the outer surface of the rod , can be seen. These lines, which appear

to be composed of minute dots , or dashes , decrease in distinctuess and

frequency towards the inner ends of the rods. Other lines which, in

this case, seem more like pores in the substance of the rod, begin at the

base, where they are quite broad and well defined
,

and extend nearly

parallel with each other toward the outer surface , where they finally

disappear fig. 59).

Each retinophora, with its double rod, is completely surrounded by

eight pigmented cells, four forming an inner, and four an outer row.

Each one of the four outer cells is laterally flattened ,
the inner two

thirds being reduced to very thin colorless bands, consisting of hardly

more than the cell walls, while the outer ends are wide and thick, and

filled with a dark brown pigment. The centre-of each thickened end is

thinner than the sides, and is closely applied to, and conforms with.

the surface of the retinophorae. In sections, therefore, the inner contour

of the four pigment cells forms a circular space filled by the retino-

phorae, while the outer contour is more or less pentagonal, or hexagonal.

In the centre of the pigmented ends of these cells, is situated the oval

nucleus, which usually causes a protuberance upon that surface of the

cell turned away from the retinophora. The outer end of the cell is
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capped by a thick layer of transparent, and perfectly homogeneous

cuticula. The inner, membranous prolongations consist of flatteued, and

longitudinally striated bacilli, which end abruptly in three or four

short, root-like fibres. The expanded pigmented ends, as far as the

base of the nucleus, form a broad collar for the retinophorae (fig. 59).

The inner circle of cover cells consists of four wedge-shaped, and

deeply pigmented cells, covering the two inner thirds of the retino-

phorae ; they are widest and thickest at the outer limit of the pigment.

There, the outer edges are bevelled, and rapidly decrease in thickness

toaverythin, structureless membrane, continuedas far as the outer

extremity of the rods. The membranous prolongations of these four

cells unite to form a delicate s h e a t h surrounding the outer portion of the

retinophorae, between them and the external cover cells, thus indicating

that the cells. to which these membranes belong, are more intimately

connected with the retinophorae than the outer row of pigment cells

(fig. 59 rt. s.). The proximal ends of the four inner cells are narrowed

nearly to a point. The outer cells are so arranged that their narrow,

basal portions cover the line of contact of the adjacent, inner cells. The

oval nuclei of the latter are situated in the middle of the cells, and thickly

surrounded with pigment, so that they are seldom seen, except on cross

sections. They stain deeply, and with a dullness which is in marked

contract with the lighter, but clear and sharp stain characteristic of the

nuclei of the retinophorae.

Since the whole ommatidium is simply a highly specialized por-

tion of the hypodermis , we should expect to find the same method

of nerve endings there, as in the less modified portions. On sections

of the eye, it is hardly possible to observe more than the passage of

nerve fibres through the basal membrane, and along the cells to-

wards the surface. Isolation of the cells by maceration, according to

the methods described below, furnishes the best results. Unfortunately

I was not able to obtain perfect control of the process. and the results

often varied, especially as far as a complete and rapid Isolation of the

cells was concerned ; for sometimes only 24 hours maceration in bichro-

mate of potassium, 2%, disassociated the cells completely, and, at the

same time, in a remarkably perfect and normal condition, a result

which, at other times, was only imperfectly effected after prolonged

maceration, and after many important characteristics of the cells had

been destroyed. I am inclined to believe that it depends on the physical

condition of the animals experimeuted with
;

perfectly healthy and fresh

ones being more difficult to treat than those which have become weaken-
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ed by prolong-ecl confinement. It is, however, not at all diffieult to ob-

tain excellent preparatious, in which the nerves now to be described

may be easily studied.

Among the isolated cells of such preparations, one can easily dis-

tinguish the retinophorae —either with or without the rods —some-

times with the pigmented cover cells attached to them. It is very seldom

that one can trace the nerve fibres, or find their broken ends upon the

outer row of cover cells, but I have succeeded in doing so several times.

In such cases, one sees extremely fine fibres, either running along the

stalk of the cell, or projecting considerably beyond its base. Thè fibre

is ofteu free everywhere, except at the outer, or pigmented, end of the

celi, to which it is attached so firmly, that considerable rapping upon

the cover glass is necessary before it can be entirely isolated; and, in-

deed, eveu with the roughest treatment, it is sometimes impossible to

separate it from the celi. This is due to the factthat lateral nerve fibril-

lae. applied to, or penetrating, the celi wall, are only formed at the

pigmented portion of the celi, in which the nucleus is situated.

The nerve fibres of the inner row of pigment cells are larger and

more numerous than those of the outer row. To study these nerve

fibres, the cells must first be isolated, to do which requires a more pro-

longed maceration than is necessary for those of the outer row. Very

instructive preparations are obtained by a slight maceration, which not

only separates the ommatidia from each other, but removes the outer

row of pigment cells, leaving the retinophorae and their rods stili sur-

rounded by the inner row of retinulae. The whole group of cells has a

conical shape, the rod forming the outermost and widest part (fig. 59)

.

By further maceration, the inner row of pigment cells is isolated, and

one may then distinguish, on each side of the flattened surface, from two

to five refractive and colorless lines, which are seen to be distinct fibres,

and not cell markings as might easily be supposed from the fact that.

in almost every celi, some are either partly detached from, or project

beyond, the inner end of the cells (fig. 60). With a good light, and a

strong immersion lens, one can see exceedingiy fine, cross fibrillae, which

arise, atquite regulär intervals, from the larger, longitudinal nerve fibres:

where the latter project beyond the celi, the lateral fibrillae may stili be

seen, no longer as straight as before, but either so closely curled, or so

strongly varicose, that one would hardly recognize them as fibrillae. In

the usuai macerated preparations, these pigment cells extend only about

two thirds of the way from the basai membrane towards the outer sur-

face, where they appear to cease abruptly. If, however, the cells be iso-
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lated in weak sulphuric acid, their outer thirds are retained as thin and

transparent membranes, along wMch one may see several fine lines, un-

doubtedly the continuation of the nerve fibres, seen more distinetly on

cells prepared in other ways. The inner ends of these pigment cells end

in a rather blunt point, on which I bave not been able to distinguish

those root-like fibres, so common upon the inner ends of most epithelial

cells. But this very circumstance makes it much easier to follow those

nerve fibres, just described, through the basalmembraneinwards,
a considerable distance, until they are lost in the mass of scattered

fibres which supply the eye.

It is difficult to obtain isolated retinophorae intact, and in a

condition to show the nerve endings. It is necessary to seach until a

good example is fonnd. The best way is maceration in y2o —Vao Vo

chromicacid, for ten or twelve days. The rods are somewhat shrunken

in the centre by this process, but are provided with a number of long

fibres, whose free ends project some distance beyond the inner edges of

the rods. These free ends are covered with a great number of fibrillae,

which brauch from the main fibre at right angles, and, projecting a

short distance, end ina minute, refractive globule (fig. 48). The fibres

may be foUowed along the outer surface of the rod, where they form a

complete network of distinct, longitudinal fibres, and small, irregularly

distributed, cross ones, or fibrillae. At the outer end of the rod, the

longitudinal fibres become continuous with each other by means of con-

necting loops, as I bave distinetly seen in several cases. The loops may

be distinguished from the other cross fibres, by their greater size and

distinctness (fig. 59) . It is very difficult to find retinophorae, treated

in this manner , which bave the rod stili attached, therefore it is not

possible to follow the nerve fibres along the whole length of the celi,

because they are so intimately united with the rods that, when the latter

are detached, the nerve fibres are carried with them. Yet I bave seen

the retinophorae with the rod stili attached, and bave followed the nerve

fibres almost down to the base of the cells.

In sections, one can, under favorable circumstances, see a special

aggregation of nerve fibres, passing to each retinophora, and ascending

along the outer surface, between it and the inner pigment cells, until,

towards the outer ends of the latter, they disappear. It is therefore only

on macerated specimens, that I bave been able to follow the nerve fibres

over the surface of the rods, where they terminate as already described.

The retinophorae are, moreover, supplied with a second form of

nerve fibres, which I believe to be characteristic of these structures, and
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uot tu be foimd in the other Clements of tbe retina, uamely, a central

nerve fibre, or bündle of nerve fibres, which cxtends, through tbe axis

of the retinophora, into the rod. Now, if we suppose that each cell was

supplied witb a number of externa! nerve fibres, like those described

for the pigmented ones, and that a special Cluster of such fibres was

formed between the juxtaposed walls of two retinophorae, it is evident

that. with the fusion of the two cells, and the disappearance of the

apposed walls, the bunch of nerve fibres will come to lie in the centre

of the retinophorae ;
and since, according to our suppositions, the nerve

fibres extend to the summit of the cell, —as we have always found to

be the case, —they will therefore penetrate the centre of the rod. It

is difficult to follow the nerves through the retinophorae, on account of

the mass of refractive globules, but here, as in other similar cases, it is

only necessary to find favorable examples, where one may distiuguish

a bündle of at least two or three nerve fibres extending upwards from

the base of the cell, beyond the refractive granules ; near the nuclei,

they become varicose and irregularly distributed. I bave not succeeded

in tracing them directly into the rods, although I do not doubt that they

terminate there. The inner ends of the retinophorae are always pointed.

lacking the root-like fibres of the pigment cells ; their transformation into

the issuing nerve fibres is so graduai, that it is impossible to say where

the one begins and the other ends. This nerve fibre, which is really a

nerve bündle composed of several smaller fibres, is larger than those

Seen connected with the pigment cells. In some cases, the varicosities

of the axial nerve, at a short distance from the cell, become so large as

to form one or two vesicular swellings, which I thought might contain

nuclei, but I have never been able to determine this point with certainty.

The very small size of the rods has rendered the Observation of the ulti-

mate nerve endings there a matter of extraordinary difficulty. That the

outer fibres send their ultimate fibrillae into the substance of the rod is

shown by the persistency with which they invariably adhere to its sur-

face, while, on the other band, they are always torn away from the sur-

face of the retinophorae. If we accept the supposition that the retino-

phora is formed by the fusion of two cells, —which, in fact, can hardly

be called a supposition, since we have incontestible proof of it in the

double nature of the rod, and the presence of two nuclei, —then the

central bündle of nerve fibres belongs to the same category as the ex-

ternal ones, and we may presume that they, like the outer nerve fibres,

also extend to the outer ends of the rods, that is. they form a system of

axial nerve fibres in the centre of the rod, just as is the case in the rods
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of Pecten. Moreover, analogy with Pecten and Haliotis will allow us

to suppose a similar system of horizontal fibrillae uniting the inner and

outer system of nerve fibres.

Having obtained a more complete knowledge of those complex Cle-

ments, or ommatidia, of which the most specialized eyes of Arca are

formed, we are now in a better condition to understand the structure of

the second form, and the origin of both types from the aggregation of

Clements fonnd seattered in the pigmented portions of the mantle.

The Invaginate Eyes.

The general characters and distribution of the invaginate eyes bave

already been allnded to, and it novr remains for us to give a more

accurate description of them.

When seen from above, in living specimens, they appear as very

dark brown or black spots. They may be sharply defined, ovai, or

round, or they may be surrounded by a circle of lighter pigment cells,

which gradually pass into the surrounding, colorless epithelium. In

the midst of each pigment spot, one always sees from threc to six or

more brilliantly refractive and colorless points, ali the more striking

from being situated in the midst of the dark pigment. The intense black

color of the pigment is often reduced by the invagination of the eyes

below the surface, the more or less transparent lips of the cup thus form-

ed fojding over, and partly hiding, the sunken eye. The deeper the

cups, the greater is the tendency for their lips to approach each other,

forming a long, slit-like opening (PI. 30, fig. 47). Whether this iris-

like fold is capable of regulating the amount of light by contraction or

expansion, I am unable to say. I bave not observed any movement,

which would indicate such a function. Will has described an iris-like,

contractile opening in Pectwiculus^ which has faceted eyes similar to

these of Arca^ but no invaginate ones. It is possible that he had in mind

the invaginate eyes oi Arca^ when describing those oi Pectwiculus . Sec-

tions of the invaginated eyes show that they are simple, thickened por-

tions of the hypodermis, sunken below the surface, sometimes forming

wide-mouthed and shallow depressions, or deep funnel-like pits : in the

latter case, the axis of depression is not perpendicular to the surface,

but at au angle of about 50^ or 60^ with it, the deepest part being direct-

ed toward the shell (fig. 42)

.

The retineum is composed of broad, square-ended cells filled

with dark brown, or black pigment, and a smaller number of colorless
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ones. The latter contaiu a liigbly refractive. gramüar substance, and

are usually couical. or wedge-sliaped, the smaller end beiug directed

outwards, while the widened base is turned in the opposite direction

and contaius a large nueleus. The latter is distingnished from the nuclei

of the surrouuding pigment cells, in the same way that those of the re-

tinophorae in HaKoiis, or in the faceted eyes of Area, are distinguished

from the nuclei of the retinulae. i. e. by the clearness with which they

stain, and the presence of a nucleolus. The nuclei of the retinulae are

filled with a quantity of chromatine, which, although staining deeply,

produces a duU and heavy efifect when contrasted with the brilliantly

and sharply stained nuclei of the retinophorae. This difference alone

would enable us to distinguish the two kinds of cells. I have sought for

traces of a second nueleus in the retinophorae, but in vain ;
this is pro-

bably due to their small size. and the difficulty of macerating them prop-

erly. On account of the paucity of these cells, they may be easily over-

looked, or confounded with colorless ones of the surrounding epithelium.

These diffieulties, coupled with the fact that under the most favorable

circumstances the aborted nueleus is very hard to observe, render it more

than probable that such a nueleus has been overlooked, rather than that

it is not present at all. The number of these cells is comparatively small;

I have never seen, in sections of one eye, more than three. Looking into

the eye from above, on surface preparations, six or seven colorless cells

are seen as bright, refractive spots, while it is probable that there are two

or three more, that could not be seen, on the sides of the pit ; therefore a

typical invaginated eye would consist of from seven to ten ommatidia.

The remainder of the retinal layer is composed of large, cylin-

drical cells filled with dark brown, or in some cases nearly black pig-

ment. Only their bases are colorless, so that one can see the lower

portion of the deeply stained nuclei, the outer parts being closely envel-

oped in pigment (PL 30, fig. 49).

The nuclei of both pigmented and colorless cells are so deeply situ-

ated that they seem, in some cases, to rest upon the basal membrane,

which is hardly more developed bere than below the ordinary epi-

thelium (fig. 42).

Below, and parallel to the basal membrane, is a number of con-

nective tissue fibres, besides many large gland cells with refractive and

granular Contents, and excentrically placed nuclei.

The cuticula —hearing in mind that it is by no means certain that

all the structures with this name are homologous, or chemically ident-

ical —is well developed over all the pigmented cells, while it becomes
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especially thickened over the sunken, retina! layer of the invaginated

eyes. The thick ciiticula over the pigmented areas ìs formed of two

layers ; a thin, externa! one, dense and refractive, and a thicker, less

refractive, inner one, which has not so completeiy !ost its vita! proper-

ties. In, and below the iatter layer is foiind the network of nerve

fibriüae constituting the retia terminaüa. It is this layer which
is so greatly developed over the retina! ce!ls of the in-

vaginated eyes, whi!e the outer andthinner oneremains
unchauged. Over the invaginated eyes, the retina! cuticuia is

composed aimost entireiy of iunumerable and distinct nerve fibres, which

may often be traced be!ow the cuticiüa, between the retinal cells

(PI. 30, fig. 42). At the basai ends of the cells, there are often con-

siderable Spaces in which may be seen continuations of the sanie fibres,

which pass through the basai membrane into the underlying tissues as

isolated branches, not united to form a special optic nerve. Whenthe nerve

fibres bave once passed beyond the basa! membrane, it is difficult to

distinguish them from those of the connective tissue.

These eyes are so difficult to macerate that I bave not obtained

many data in that way, but stili enough to convince me that the same

arrangement of nerves is fouud bere, as in Haliotis^ which will be de-

scribed in greater detail further ou. For example, when I was for-

tunate enough to isolate some of the retina! cells uninjured, almost with-

out exception, two or three nerve fibres were seen attached to their sides,

with the free ends projecting some distance beyond either end of

the cells. This shows that, when the latter were in position, the

nerves exteuded into the cuticular layer, which is merely an exag-

gerated form of the ordinary cuticula containing the nervous r e tia ter-

mi nalia found everywhere above the pigmented hypodermis. The

ordinary cuticula represents the sum of the products of the individua!

cells, and, in most cases , the outline of each celi is distinctly visible

upon it. This go es so far that it is often possible to separ-

ate the cuticula into its component elements; but espe-

cially is this the case on the modified, retina! portion

of the hypodermis, where the product of each celi has
attained a high stage of individuality, giving rise to the

rods.

The invaginated eyes , therefore, are composed of the same ele-

ments as the faceted, that is, a centrai colorless celi, probably contain-

ing an axial nerve fibre and two nuclei, together with a cuticular rod

supporting a specialized part of the retia terminalia (a retinidium);
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around each of these central cells, or retinophorae, is arranged a

uumbcr of pigmeuted ones, —in tliis case more tban a single circle, —
wliieh also support nerve-bearing, cuticular rods (PI, 30, fig. 49).

Such circles of cells, or ommatidia, form groups varying greatly

among themselves , either in the niimber of ommatidia, or in the pre-

cisiou with which they are separated from the surrounding epithelium.

A very common form of invaginate eye is that in which from two to

four or more closely placed ommatidia form a central, dark area, sur-

rounded by a zone of lighter colored pigment cells, in which are several,

irregularly scattered ommatidia, decreasing in niimber towards the

periphery of the band. In surface preparations, one may easily re-

cognize these scattered ommatidia by the color of the retinulae sur-

rounding the retinophorae. Although these isolated ommatidia are

usually Seen in greater abundance about the invaginated eyes, they are

often found quite independent of them scattered irregularly over the

Ophthalmie fold, and even in the other portions of the mantle. The

cuticula over these isolated retinulae, does not seem to be espeeially

thickened.

Pseudo-leuticulate Eyes.

I have found an interesting transitional form of eye, which belongs

neither to the invaginated nor faceted type, and which ,
for lack of a

better name, I shall call the pseudo-lenticulate eye. In sec-

tions, for instance, through that portion of the mantle where the invag-

inated eyes are most abundaut, I have found quite sharply defiued

groups of non-invaginated ommatidia
,

provided with a prominent len-

ticular thickeuing of the cuticula, containing vertical fibres undoubt-

edly of the same nature, i. e. nerve fibres, as those found in the cuti-

cular layer of the invaginated eyes (Fl. 30, fig. 54).

A retinal cuticula seems to be formed by the pigmented cover cells,

as well as by the retinophorae, and heuce, in this respect, these eyes

resemble more closely the invaginated ones. On the other band, these

intermediate forms, which greatly resemble the ocelli oftheCoelenterata,

ofifer some similarity to the faceted eyes, in that they tend to form a

protuberant, convex surface, instead of a concave , invaginated one.

Just as the invaginated eyes, composed of a varying number of

ommatidia closely or loosely arranged in groups, show all grades of in-

vagination, so may one find a parallel series of changes in the pseudo-

lenticulate eyes, together with all grades of convexity. In the faceted

38*
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eyes, the ommatidia, whether single or uniteci in groups, show the same
eomposition. It is rather remarkable that the ommatidia of each type

of eye should retain so eonstantly their specific characters, even in

cases where the two types which they produce are so little different-

iated from each other. I believe that, in both cases, the ommatidia are

different phases of the same structural Clements , those of the faceted

eyes being undoubtedly of a higher order than those of the invaginated

ones, the latter being almost identical in structure with those isolated

ommatidia , fouud irregularly distributed over the exposed portions of

the mantle. The isolated , faceted ommatidia are only found —and

then rarely —in the immediate vicinity of what appear to be degener-

ate evaginate eyes. It is more probable that the higher structure of the

faceted ommatidia vras attained, after they were united into distinct

groups, than when in the isolated condition. If this is the case, we
should expect to find in those imperfectly formed faceted eyes , the pe-

ripheral ommatidia in a less perfect stage of development, inproportion

as they were more distant from the centre of the eye. But this is

not the casC; for I bave often seen isolated ommatidia on the peri-

phery, as highly developed as any ever found in the centre. For

this reason, I consider such eyes as retrogressive, rather than pro-

gressive
,

and possibly analogous with those cases in PecAen
, where

fully formed eyes become functionless, by the complete pigmentation of

the cornea.

It is probable that during the phylogenetic development of the vi-

sual organs of Arca , those portions of the mantle, most exposed to

light, developed pigmented cells , among which were numerous color-

less (gland?) cells. By the fusion of two such pigmentless cells, and

the accumulation around them of a definite number of pigmented ones,

the isolated ommatidia were formed ; they in turn united into special

groups, where the ommatidia became modified in certain directions

according to the form and position of the organs they composed. The

number of the isolated ommatidia must bave been , at first, very great^

but probably diminished, as they accumulated to form more complex

organs of greater functional activity; after the formation of these

groups, the development of the ommatidia continued, until an enor-

mous number of visual organs was formed, in a high stage of perfection,

and of a functional activity disproportionate with the requirements of

the animai; a tendency for certain of the eyes to degenerate would

therefore arise. Such is at present the condition in Aì^ca and Pecten.

It is probable that in both cases, peculiar, favorable conditions were
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present, which carried the development of these organs beyond tlie le-

quirements of the animai. The development was so rapid, and the iu-

ertia —if we may use the expression —so great, that a state of iu-

equilibrium was attaiued, now returning to a more stable condition by

a reduetion in the number of eyes. This furnishes us with a remarkable

instauce of reversed degeneration, in which the degradation begins, not

with the loss of the most reeently acquired characters, that is, the re-

duetion of the ommatidia to a simpler condition —but by the Isola-

tion of the perfected ommatidia; therefore retracing that developmental

Step which was the first to give rise to the eyes.

The faceted eyes probably arise as modifications of the invaginated

ones : during this process, the latter become shallower, and the nervous

network reduced entirely to the rods of the retinophorae, while the re-

tinulae, whose rods disappear, are used solely to protect the retinidia

of the retinophorae from the lateral rays of light.

Pectuuculus.

The thick mantle edge of Pectmiculus contains an enormous num-

ber of gland cells, which scerete a quantity of thick slime, materially

adding to the difficulty of studying the eyes of the living animai. Al-

though the edge of the mantle is thus enlarged, the three folds, which

are present here as in Area and Pecten, are but slightly developed. The

inner wall of the Ophthalmie fold is much extended and constitutes the

greater part of the pigmented portion of the mantle. It is studded with

numerous oval, or round, madder browu, pigmentspots, which, in mauy

cases, are sharply defined areas of nearly black pigment that might

easily be taken for eyes ; in other instances, they are more irregulär and

lighter colored, without the sharp boundaries of the former. With the

esception of these pigment spots, the hypodermis of the Ophthalmie fold

is nearly colorless , or of a faint, yellowish white tinge, intensified at

the base of the velum to form a distinct band of brownish pigment,

parallel with the edge of the mantle. The velum is reduced to a color-

less, and inconspicuous ridge thrown into many irregulär folds. At the

base of the ridge , on the proximal side , is a distinct band of brown

pigment, in the median portion of the mantle, broken up into wedge-

shaped patches, each one consisting of radiating, pigmented lines. At

the anterior end of the mantle, the pigment is darker and forms a con-

tinuous, but narrow band. The cuticula is slightly thickened over the
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pigmented spots, and, in some cases, has a faint wavy outline, each

curve corresponding to the outer end of a pigmented celi. The spots are

provided with colorless sense cells, for on surface views one sees

numerous refractìve and colorless points of varying size ; the light,

which is often silvery white, appears to be reflected from the re-

fractive granulös within the cells. The refractive points are only (?) to

be seen in the colored areas, where, surrounded by and contrasted with

the dark pigment cells, they are especially striking. Towards the an-

terior edge ofthe mantle, the spots become smaller and, assuming a

lineai arrangement at the summit of the Ophthalmie fold, by a series of

easy gradations
,

pass into the faceted eyes , the only kind present in

Pectunculus. Being confined at the summit of the Ophthalmie fold to a

space about 7 or 8 mmlong, they are necessarily less numerous than

those oiArca. As in the last uamed genus, the number is greater on the

right, than on the left fold of the mantle. For instance, in twelve speci-

mens, the eyes varied in number from 1 7—25 on the left valve, and from

20—30 on the right; the average being about 25 and 22 on the right and

left mantle respectively. The largest eyes are not situated in the middle

of the row, as one might suppose, but at that end farthest away from

the hinge. The same tendency to form pairs is seen bere as in Arca.

Usually two large eyes are follo wed by two small ones, then two large

ones with a small one between ; those of equal size being closest to-

gether. I bave observed cases, however, in which as many as six or

seven fully formed eyes had united to form one large group, whose

origin was indicated by the number of component parts, which had not

entirely lost their individuality.

The eyes of Pectunculus are easily discernible since they are not

surrounded by such quantities of pigment as in Arca. There are other,

but slight diiferences, which distinguish them from the eyes of the last

named genus ; the lens-like rods are larger and more protuberant ; the

cover cells of the outer row are thinner and less deeply pigmented ; and

the eyes seem to bave arrived at a more stable condition, for there is a

diminution in the number as well as variety of intermediate forms ; the

few remaining eyes, having reached the height of their development and

being sufficient for the requirement of the animai, bave been retained,

while the less useful, intermediate forms bave disappeared.

The eyes may be easily overlooked when the animai is irritated,

for the mantle is then contracted in such a manner, that the pigmented

outer edge is folded in against the shell, and only the inner side of the

thickened mantle, quite devoid of pigment, is seen. But when undisturb-
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ed, the shell is slightly open, and the mantle brought fonvard, exposing

the eyes, as well as the pigmented portions, to the liglit.

Will (5) was the first who (in 1844) claimed to havc foimd eyes

in this genus; his description, incomplete as it was, is still better than

any which has been published since that time ; being short, and the ori-

ginal difficult to find, I will quote it in full. >iDer Raum des Mantels von

Pcctwiculus pilosus hat zwei dicht an einander liegende Falten, welche,

wie bei anderen Bivalven, in der Nähe des Schlosses in eine zusammen-

laufen. Am Vorderrande ist diese eine dunkelbraun gesäumt, was

größtentheils von den darauf befindlichen , sitzenden Augen herrührt.

Dieselben stehen theils einzeln, theils in Gruppen vereinigt, auf dunkel-

braunen, orangenartigen, wiewohl nur wenig hervorragenden Erhöh-

ungen. In den Gruppen, welche beiläufig 1/4 —Ve" ™Durchmesser

haben, liegen die Hornhäute so eng an einander, dass sie im Zusammen-

hange bleiben, wenn man sie von den unterliegenden Geweben losreißt.

Die einzelnen Hornhäute sind jedoch rund. Man könnte diese Häufchen

aggregirte Augen nennen, denn sie haben alle Merkmale derjenigen

zusammengesetzten Augen, welche man mit diesem Namen bezeichnet.

Die Anzahl der einzelnen Augen in einer solchen Gruppe beträgt 20

bis 30. Sie sind etwas kleiner als die einzeln stehenden, und die Durch-

messer beider verhalten sich wie 5 : 7 oder wie 5:8. Die Pupille ist in

allen Augen rund ; die Chorioidea roth ; Glaskörper und Linse sind

selten deutlich zu sehen. Amunteren und hinteren Rande des Mantels

scheinen die Gruppen häufiger, dagegen die einzelnen Augen seltener

zu sein. Nicht zu verwechseln mit den augentragenden Erhabenheiten

sind die zwischen ihnen liegenden Pigmentflecken. Abgesehen davon,

dass letzteren die charakteristische Hornhaut fehlt, sind auch die in

ihnen enthaltenen Pigmentzellen kaum die Hälfte so breit, als die Augen

und laufen nach innen spitzig zu, so dass sie wie kleine Kegel aussehen,

deren Basis und Spitze eine helle pigmentlose Stelle haben.«

It is not difficult to harmonize this description with what may be

observed by an examination of the mantle edge of Pectunculus pilosus.

The eyes, that he refers to as being found singly and united in groups,

are in the latter case undoubtedly the faceted eyes ,
while in the for-

mer they are probably either minute pigment spots or isolated omma-

tidia. In all other respects, the description, as far as it goes, is clear

and accurate and shows plainly that, even at that early date, the

resemblance of these eyes to the compound ones of Arthropods was

fully recognized. Just as was the case with Arca^ no one deemed it

worth while to give a more accurate description of them . Siebold (7)



568 William Patten

simply leiterates the Statements of Will, as do also Schmidt (17) and

Gegenbaur (14) . Carrière's (19) recent description, accompanied by

a drawing-, is of little importance, siuce it coutains notliing- new but

what is wrong, and nothing right that was not already known. The
description given of the finer anatomy of the faceted eyes of Arca will,

with the exception of the slight differences already mentioned. apply

equally well to Pectunculus.

Pecten.

Historical.

It is not to be expected that the remarkable organs, which we shall

bere consider, so prominent and so brilliantly colored, could bave long

escaped the attention of the older Naturalists.

Nearly a Century has elapsed since they were first described by

Poli (1), in 1795, who noticed their arrangement in pairs (a fact over-

looked by subsequent writers) and their position at the ends of short ten-

tacles ; he thus unwittingly introduced the theory that they were modified

tentacles , an opinion held by some even to the preseut day. He could

hardly bave failed to recognize the resemblance of these organs to the

human eye, as in fact he did, and applied corresponding names to

what he considered to be corresponding parts. This had its effect upon

succeeding writers, —to whom the terms homology and analogy were

unknown, —who, upon the discovery of new parts, saw in them the

strnctures known to occur in the human eye. To them there was but

one visual organ, that of the Vertebrates, and. having once recog-

nized in the eye of Pecten a superficial resemblance to that of the Ver-

tebrates, they believed that there must be a corresponding agreement

in ali the remaining parts. This led to results which, as far as Pecten

is concerned , are less striking , since there is indeed a remarkable

agreement in more ways than one ; but in less complicated visual or-

gans, such as described by Will for otherLamellibranchiata, where the

so-called eyes in reality cousist of hardly more than pigment spots, one

is surprised to learn that in these simple organs they were able to re-

cognize a lens, vitreous bod}^, choroid. iris etc., all of which are terms

borro wed from human anatomy.

Although it appears that the existence of these minute eyes was

not forgotten, further mention of them was not made until 1837, when

Robert Garner (2) described the »Brilliant emerald-like ocelli, which
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from their structure, having- each a minute nerve, apupil, a pigmentiim .

a striated body, and a lens, and from tlieir Situation at the edge of the

mantle, where alone such organs could be useful, and also placed as in

Gasteropods with the teutacles, must be organs of vision«. To his con-

cise descriptiou^ where by the »pigmentum« is meant the red pigment

layer, and by the »striated body«, the retina, not very much was added

until Hensen (12) published his paper of which we shall speak later.

Krohn (3) and Grube (4) published, almost simultaneously, an

account of visual organs in the Lamellibranchiata, in which the optic

nerve and argentea were described with tolerable accuracy. To the

former is due the credit of having first seen the septum , a name
which he himself introduced.

^Ye are indebted to the vivid Imagination of Will for the greatest

number of accurate observations, as well as for many mistakes, con-

cerning the visual organs of Lamellibranchiata. In some cases, he has

very accurately described the external characteristics of the eyes of

Area, Pectimculus and Cardium ; in others , he has scattered , with

lavish band, high sounding names to organs, which, if they once

existed , now seem to have disappeared. To him, however; is due the

credit of having first accurately described the cellular structure of the

lens of Pecten. The observations of Will appear to bave been accepted

without comment by Siebold, Leydig, Bronn, and even by still later

writers .

Keferstein (11) recoguized in the so-called viteous body, the fib-

rous structure of which had been known since Garner, the real retina,

the rods of which he believed to be turned inwards, as in Vertebrates.

The classical researches of Hensen carried our knowledge, at one

bound, to the position which it occupies to-day. He has described with

the greatest detail the structure of the component parts of the

eye, —especially the retina, where his acute vision enabled him to

distinguish the central nerve fibre of the retinophorae , an Observation

which his successors were not always able to repeat. The generai course

of the other nerve fibres, especially those proceeding from the ganglionic

brauch , he was likewise able to follow with wonderful accuracy,

when we consider his means and methods of study.

1 The reference of Garner to the ej^es of Ostrea, in which we are led to as-

sume that they are similar to the eyes of Pecten and Siiondylus, is probably due to

the fact that he had in mind another species of Pecten. Poli speaks of Pecteii as

Ostrea.
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HiCKsoN (15 and 16) and Carrière (19) have only been able to

add to the excellent work of Hensen a few corrections of minor im-

portance, concerning the strncture of the lens, cornea etc.

Sharp (18), withoiit making any contribntion to oiir knowledge on

the subject, has come to the conclusion that the external pigmented

ring of the eye is really the sensitive part, while the eye itself, he

considers to have another function thau that of vision.

It is interesting to follow the fluctuations in Zoological opinion,

caused by the accession of new knowledge concerning these organs.

At first, the superficial resemblance between these structures and the

human eye was so great that an equivalent fimctional power was

likewise tacitly ascribed to them. With increased knowledge, the

structural similarity was seen to disappear, and less importance

was then attached to their fimctional powers, until, finally, the

careful researches of Hensen showed a remarkable discrepancy be-

tween their highly complicated structnre, and their apparent lack of

visual power. This difference is heightened by the great number of

eyes present, which appear to far exceed the simple requirements of

such an animai.;

Thus many were led to believe that the organs in question were

not eyes at all, but luminous organs, or they were placed in the

category of structures, the functions of which were unknown.

General structure.

After comparing the complex organs just described with the sim-

pler eyes of Arca^ and the infinitely less complicated ones of Avicula,

we are led to expect a corresponding difference in their functional

powers. How far this expectation is realized will be seen from what

follo WS.

If we study the structure of the eyes of Pecte7i, we shall find that

the parts really have the function that their names and composition

indicate.

Wesee a Constant purpose in view ; the concentration of the rays

of light, and formation ofinverted Images of external objects upon a

sensitive nervous layer, the arrangement of whose Clements shows a

definite relation to the direction of the rays of light.

First, let US consider the cornea and the colorless opening, or pu-

pi 1, surrounded by the pigmented iris. The curvature of the former
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(which iu Pecicii Jacohaeus and Pecten opercularis projects but little

above the level of the h-is) , and the size of the pnpil, may be regulat-

ed, aecordiug to the couditions tobe fultilled, by means of contractile

fibres. By the simultaueous contraetion of the ciliar is (PI. 29, figs. 18

and 19 s. b.) and the superficial circular and radiating- fibres of the lens,

the edges of the cornea and iris will be drawn inwards, and the convex-

ity of the former and of tlie outer surface of the lens increased, while the

opening of the pupil may be diminished to almost half its previous dia-

raeter. In the living condition, all stages of contraetion may be ob-

served. Streng irritants cause contraetion, and an increased convexity of

the cornea. If the mantle is treated with weak chromic acid, the muscles

relax, the cornea becomes nearly fiat, and the pupil widely extended.

Contraetion of the longitudinal muscles, extending along the inner wall

of the iris and attached to the suspensory ligament (PI. 29,

fig. 19 s. b.), would cause a flattening of the outer surface of the lens,

accompanied by a bodily movement of the latter toward the retina. We
now see the object of the peculiar layer of vertical nerve fibres ; for

without this, any movement of the lens, attached to the septal mem-
brane, would necessitate a disturbance of, or injury to the retinal cells.

But with the present arrangement the lens, accompanied by the septal

membrane, may be elevated or depressed, without contact with the

retina, simply by the flexion of the nerves of the fibrous layer. The

latter was considered by Hensen to be artificially formed by shrink-

age, and the consequent drawing out of the nerve fibres from the

septal membrane. Cakkière has described it as forming a layer of small

columnar cells. That both of these Statements are incorrect, and that

the condition represented in figs. 10 and 19 is a natural one, may
be Seen by examining this layer, in the living condition, through the

choroid fissure. It is very probable that the inward movement of the

lens is accomplished by the contraetion of the ciliaris and the

muscles attached to the suspensory ligament. This movement is

facilitated by the contraetion of the circular fibres on the peri-

phery of the septal membrane, so that the thick, structureless,

central portion, upon which the lens rests, will fall by its own weight,

or by the pressure of the lens. But how is the elevation of the latter

accomplished? It might be done by the contraetion of the relaxed, septal

membrane; but that is only provided with circular fibres, which could

not produce any such effect. Neither could the lens be raised by the con-

traetion of any of its own muscles, or of any attached to it. It is pro-

ducedbythetendency oftheelastie septal membrane to

xg
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return to its naturai position, after the coutractionofits

peripheral, cireular fibres has relaxed the tension upon
the centrai portìou. There is good evidence of the elasticity of this

membrane, for in certaìn reagents, as chromic acid, the muscles being

gradually deprived of their power, the tension of the septal membrane

acting upon the lens presses it almost fiat, and two great folds are pro-

duced in the periphery of the retina. But, by isolating the lens and sub-

sequently hardening it in chromic acid, its originai shape is perfectly

preserved. Muscular contractions which, caused by the Irritation of rea-

gents, produce such a great difiference in the shape of the lens, must be

able, in the living condition, to produce the extremely slight changes

necessary for focal adjustment ! This process may be produced then in

two ways ; by an increased convexity, causing a shorter focal distance,

and by the bodily movement of the lens itself, But it will be asked, is

this body really a lens? Does it actually form an Image, or concentrate

the rays of light at a certain point, and does this point fall within the

retinal layer which, morphologically, we mustconsider to be the essen-

tial and percipientone?

These questions are pertinent, and the answer to them will show

whether the body in question is really entitled to be called a lens. and

whether the function of these eyes of Pecten is as perfect as their com-

plicated structure indicates.

The following experiments will prove that ali the above questions

may be answered in the affirmative. The body in question is a true,

optic lens, it forms a perfect inverted image falling upon what must,

morphologically. be considered as the percipient Clements, namely, the

rods with their contained retini dia. In order to see the Images form-

ed by the lens, and determine their position, one of the large eyes,

containing little pigment, must be selected from the anterior or posterior

edge of the mantle : one may then easily look into the interior of the

eye, wheu it has been carefully removed from the shell. The eye must

then be fixed with the optic axis nearly vertical. but mth a slight incliu-

ation toward the window whence the light comes.

The Images of white objects are most easily visible. I bave,

therefore, dipped a fine needle in white paiut, leaving a small globule

at the point. If the needle is now inserted between the eye and the ob-

jective, a perfect inverted image will beseen in the depths
of the eye; the globule at the end of the needle serves to orient the

image. That the image of a much larger and distant object will be

formed with exactly the sanie precision may be proved by holding the
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fing'ers of the band at the level of the ocular, when an upright image

of the fiugers, or a part of the band, will be seen with perfect distinct-

uess, below the iuuer surface of the lens. An upright image is seen in

the latter case, because the inverted image, formed by the lens, is recti-

fied by the microseope. In the former experiment, both the nee dl e

and its inverted image are reversed by the microseope, so that the

relation between the two is retained. Any other object, when held in

the right position, may be seen with equal distinctness. For instancC; if

one of the numerous tentacles, supplied with sense hair papillae, be

placed over the pupil, its inverted image, with all the details of struc-

ture, will be seen below the surface. One may also paint several white

lines on the base of the objective, the Images of which will easily be

seen in the eye. That these Images are not formed by reflection from

the cornea, or snrfaces of the lens, is proved: first, by the fact that the

Images are inverted and are formed below the lens; and, secondly, by

comparing them with the reflected Images formed by the surface of the

lens, or cornea. For instance, by focusing upon the latter, or inner sur-

face of the lens, an inverted image of the moving tree tops in front

of the window, or the base of the latter will be seen. When seen with

the microseope, these images are inverted, andtherefore are formed
by the cornea and surface of the lens, as upright and
reflected images. Only apart of the image, that formed in the

centre of the eye, is perfect; the image of a large object, as the band

or fingers, about twelve inches from the eye, will be enlarged and curved

at the periphery. Only the end of the horizontally held finger will be

perfectly reproduced,whilethe basal part appears enlarged and beut ; but

a tentacle, just above and extending entirely across the pupil, will be

quite perfectly reproducedas a concave image. In trying this simple

experiment, the utmost care is necessary to bave a perfectly fresh and

uninjured eye, as the slightest pressure appears to be sufficient to pre-

vent the formation of any but reflex images. But where is the image

formed ? This may be easily determined by following successively the

layers of the eye as far as the tapetum. First, are seen the minute hexa-

gonal ends of the corneal cells, then the radiating and circular fibres

of the pseudo-cornea and outer surface of the lens, followed by the

large, irregularly shaped cells of the latter ; then the outer layer of

ganglionic cells above the perfectly regulär but faint outline of the

rods (which may be recognized by their resemblance to the figures

seen by viewing the prepared isolated retina from above or below) ,
—

and lastly, the tapetum itself, from which issues the red light from the
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pigment below. Just before reaching the tapetiim, the image of any

object in front of the pupil will be seen with the greatest distinct-

ness, diminishing in definition according as the objective of the micro-

scope is raised or lowered. But the rods also He just above the tape-

tum, so that upon them the image must be formed. A remarkable

phenomenon may be observed, by focusing between the argentea and

the place where the image formed by the lens is seen with the greatest

distinctness , for there one sees a double image, less dis-

tinct towards the argentea, but iucreasing in sharpness
towards the focal point of the ey e, where the two images
ultimately fuse to form a single one. The only explanation

I bave to offer for the origin of this second image, is that it is a re-

flected one of the first, formed by the curved surface of

the argentea. A plain mirror would never reflect an image formed

by a lens, since the rays of light would be dispersed ; neither would the

image be reproduced by a concave mirror, unless the curvature was

such that the divergent rays coming from the lens impinged upon the

reflecting surface, at right angies to the tangent at that point. In that

case each reflected ray would coincide with the incident one, and a

reflected repetition of the lenticular image would be reproduced, both

being formed at the same point. The exact relation between the focal

distance of a lens like that of Pecten^ and the radius of the concave

mirror which would again unite the rays , has not been determined

(PI. 32, fig. 149).

Anatomy of the Eyes.

The mantle of Pecten would serve very well as a type , since it

possesses ali the structures fouud in any Lamellibranchiata , with the

exception of the varìous forms of faceted eyes so characteristic of Arca.

The shell fold is separated from the Ophthalmie, by a very deep furrow,

the bottom of which is occupied by a continuous, double ridge of thick-

ened cells which scerete the cuticular covering of the shell. The outer

of these ridges, both of which extend the whole length of the mantle, is

large and heart-shaped, while the other is high and narrow {PI. 28, e. g.).

The Ophthalmie fold projects considerably above the edge of the

mantle, and is deeply forked at its free end. From the inner wall of its

base, arise the innumerable tentacles, and, at certain intervals, the

stalked eyes, which it is our purpose to consider. The tentacles are usu-

ally situated between the eyes and the Ophthalmie fold (PI. 28, fig. 7j,

but occasionally the re verse may be the case.
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The inner edge of the raantle is continued inwards to form the

enormou8 velnm, the free edge of which is beset with small tentacles;

PI. 28, fig. 2 represents a section through the mantle edge of a young

Pecten opercnlaris. If one imagines all of these folds inereased, and

a greater developmeut of the tentacles, a very good idea of the adult con-

dition will be obtained. Only the Ophthalmie fold is ciliated, the remain-

ing portions are, however, studded with seuse hair papillae.

The distributiou of the eyes offers several interesting peculiari-

ties that ha ve not been sufficiently treated by previous writers. They are

largest and most numerous at the anterior and posterior ends of the fiat,

left valve ; at those poiuts also, the pigment ring of the eye is lighter

and less developed, while the eye stalks are short. The pigmented ring

is larger and blacker, and the stalks longest, in the median part of the

mantle, but. at the same time, the eyes are farther apart, and placed at

pretty regulär intervals. One of the most remarkable things, is their

arrangement in pairs, something in the foUowing mauner: two large

ones are followed by two smaller ones, all at regulär intervals ; then

followtwo large ones, farther apart, with a single one betweeu, and so

on; although the sequence may not always be the same, still the

paired arrangement is never disguised. I thought, at first, to recognize

a definite law in the succession of large and smaller ones, but was

finally compelled to admit that the number of eyes not only varied con-

siderably, but that the sequence of the groups was not at all Constant.

We will show, in speaking of the development, that, although the

number and size of the eyes may differ in individuals of the same age,

no formation of new eyes takes place, after the attainment of more than

a couple of centimetres in size.

Another fact worthy of consideration is that^ on the posterior edge

of the mantle, and therefore near the rectal opening, there is a special

group of six or seven large eyes closely placed, and all nearly equal in

size to the largest eyes in the group near the mouth opening ; some of

the eyes in the latter group are distinguished by beiug much smaller

than the others. Although it is difficult to define exactly the difference

between the two groups, —since they often vary considerably, —
still they may be always recognized by the characteristics given above.

The eyes of the rigbt mantle are much smaller, and almost uniform

in size ; they are situated at the summit of long stalks arrauged at nearly

regulär intervals.

In no species of Pecten is the difference between the curvature of

the right and left valves so strongly marked , as in Pecten Jacobaeus^
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and in no species is to be foimd an equally strong, corresponding diflfer-

ence in the sìze and arrangement of the eyes. I have made a great

many experiments with Pecten Jacohaeus ^ and have foimd that, when
turned upon the fiat side , after a few hours they invariably siicceeded

in turning over. Among the large number constantly kept in the Aqua-

rium at Naples, I have never seen one resting on the fiat valve. In other

species of Pecten , where there is no difference in the curvature , stili

there is a tendency to rest upon the right valve ; and then, also, one finds

a corresponding diiference in the development of the eyes, those on the

right valve being, if not always smaller, at least less numerous. In

Arca barbata as well as Arca Noae , an exactly similar condition is to

be found.

In attempting to account for this difference between the two sides

of the mantle, the first thought suggested is that the animai has become

accustomed to He upon one side, so that one part is more exposed to the

light than the other; therefore the eyes would attain their greatest

development at that point. It is true that, when such a difference was

once started , the advantage given to one side of the mantle would lead

to a stili further differentiation of the two parts. But why is it that

animals, which are capable of resting upon either one side or the other,

and between which there is no apparent difference in size or curvature,

have more and better developed eyes upon the left, than upon the

right fold of the mantle? Why is it, for instance, that in Arca Noae, or

Arca barbata, the left half of the mantle is more richly supplied with

eyes, than the right, although the right, left, or ventral side may be turn-

ed downwards? In Pecten opercularis , P. varitis, and others, there

is a well marked difference between the mantle edges , but in a great

many cases it is difficult to observe any diversity in the color and

curvature of the two shell valves. It is probable that there is a tendency

for these species to rest more upon one side than the other, but this can-

not be so constantly the case as in Pecten Jacobaeus , otherwise , there

would be a greater, and more Constant diiference between the valves of

the shell. There are , therefore , two factors which must influence the

development of the eyes at certain points : the first is an unknown one,

by whose agency a greater development of the pigment and visual Or-

gans upon the left side is produced ; it is also possible that the same

factor might cause a tendency to rest upon the right side ; the second

moment, which could only come into play after the action of the first,

is the advantage gained by having one side nearer the light, and more

removed from the sediment of the bottom. The best example of this
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efiFect is seeu in Pecten Jacohaeus, which always rests lipon one side,

and wbere a maximum difference betweeu the curvature of the sbell

valves is accompanied by a maximum difference in the development

of the visual organs of the two mantle folds. But I must confess that

the appareutly doubtful advantag-e, gained by the eyes of the upper

valve, does not seem sufficient to account for the great ascendency they

bave gained over those of the other side ; for, unless the upper mantle

edge, or the stalks of the eye, are sufficiently developed to carry the

latter beyond the edge of the sbell, the lower mantle v^ould receive the

more direct rays of light from above. But the eyes of the lower mantle

have as long, if not longer, stalks than the upper ones, and project as

much beyond the edge of the sbell; so we seem to be left just wbere we
started from ; that is, without a sufficient reason for the greater devel-

opment of the eyes upon one side than upon the other.

One finds in those species in which the eyes are especially numer-

ous, —Pecten vcmus, and P, opercularis^ —a number of eyes, the

pupils of which are entirely covered with pigment. I

have taken especial pains to examiue these organs, which could no

longer function as eyes, and bave found that the retina, with its rods

and nerve fibres, is as perfectly developed, as in the most perfect eyes !

In Pecten Jacohaeiis^ the left side of each eye stalk in the right

valve, as well as in the left, is the longer and therefore, when the ani-

mal is in its natural position, the pupi'l is directed upwards.

The stalk of the eye has been described as colorless (except by

Hensen, who says that the stalk, as well as the eye itself, is covered

with a pigmented epithelium:
; but this is not so, for, on the upper side of

the eyes on the left valve, is a longitudinal band of pigment exactly

similar to the one over the corresponding side of the tentacles. In the

lower mantle fold, the bands are, morphologically speaking, on the op-

posite side, or on that part away from the sbell. In both cases, when

the animai is in its natural position, the pigmented bands are on the

upper side of the eye stalks, and therefore towards the light.

The pigmented ring, around the apex of the eye, offers certain pe-

culiarities which bave b^retofore escaped notice, or perhaps were not

thought worthy of consideration. For instance, in the eyes on the median

part of the mantle, the cells on the upper side of the iris are completely

fìlled with a nearly black pigment, most deeply colored at the inner

ends of the cells (PI. 29, fig. 19). When seen »in toto«, this portion

forms a specially dark area, continuous with the pigmented band ou the

same side of the eye stalk. In these median portions of the mantle, the

Mittheilungen a. d. Zoolog. Station zu Neapel. Bd. VI. 39
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under side of the iris has little, or no pigment, and then the red tape-

tum may easily be seen through the transparent epidermis, giving- to the

eyes a characteristic red color. In ali cases, the cells on that side of the

iris toward the light are darker, and completely fiUed with pigment
;

on the opposite side, only the inner ends of the cells are colored.

In the young eyes of Pecten Jacohaeus and P. opercularis^ the pìg-

mented ring, or iris, is broader on the branchiale than on the shell side.

In the development, the pigment first appears on the branchial side and

grò WSaround the eye. But it often happens that the closure of the ring

is not completed even in the fully formed eyes. The incomplete closure

gives rise to a narrow, colorless fissure, the choroid fissure , appear-

ing like a triangulär exteusion of the cornea toward the shell side of

the iris. By selecting those eyes with a large choroid fissure, one may
look through it into the eye, and study the shape of the lens and the

general features of the retina.

Since the general structure of the eye has long been so well

known, it will not be uecessary to give an introductory description,

before discussing, in detail, the structure of the various parts.

The beautiful silvery, emerald, violet and purple reflections, caused

by the combined effect of the tapetum, argentea and lens, early excited

the admiration of Zoologists, and, among ali the remarkable objects

which the prying eyes of the older, or more recent Naturalists bave

managed to discover, few are more beautiful, or worthy of admiration

than these. Whenone looks into the pupil, at an angle of about 30^ to

the optic axis, the emerald and violet reflections are predominant ; if, on

the other band, one looks at an angle of 90", or directly into the eye, the

former color disappears, and only the brilliant sparkle of the refractive

lens, or the white light of the argentea, is seen.

The tapetum, as is well known, is somewhat concave, and fur-

nishes a perfect mirror for incident rays. But if the microscope, with

which one looks directly into the eye, is focused upon the argentea,

the red light from the underlying tapetum may be distinctly seen, thus

indicating that, although light may enter the eye from below, very little

may pass the argentea from above. When the lens is removed, the sil-

very glance of the argentea is retained, but the violet and emerald colors

bave disappeared.

The whole external surface of the eye is covered with a continuous

layer of columnar epithelium, lo west near the base of the stalk, whence

it gradually increases in height as far as^the iris, at whose edge it is
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siiddenly reduced in thickness and, losing its pigment, becomes trans-

formed into the transparent cornea, tlie central part of which is the

thickest.

The cor ne al e e 11s (PI. 29, fig. 31) are columnar, constricted in

the middle, and slightly expauded at either end ; the outer one is capped

with a ìayer of cuticula, while the wall of the inner is thrown into a

uumber of uarrow folds, which fit into corresponding indentations of the

neighboring cells. These folds extend nearly to the middle of the celi,

and end about opposite the ovai nucleus. An excellent method of study-

ing these structiires is either to reraove the cornea as a whole by harden-

ing and subsequent maceration, or to isolate the individuai cells. In

the former case (PI. 29, fig. 37) , wheu viewed from the inner side, the

round serrated ends of the cells may be easily seen, while, by focusing

more deeply, the nuclei, and finally the hexagonal or pentagonal outer

ends of the cells, appear. In the latter case (by maceration) , besides

the inner folds óf the cells, there will be seen, in the median constricted

part, a number of irregulär, horizontal teeth (PI. 29, figs. 31 and 19).

They are probably modified, longitudinal folds, which, at tliis point,

are broken up into irregulär, spine-like projectious, interlocking with

those of the adjacent cells. The inner ends of the longitudinal folds are

continued inwards as fine fibres, crossing the pseudo-cornea, and unit-

ing with the outer surface of the lens (PI. 29, fig. 19). This inter-

locking of the corneal cells, which is also found —but in a less perfected

form —in the hypodermis of the eye stalk, gives greater firmness and

flexibility to the cornea, a condition necessary for the peculiar move-

ments produced by the ciliary, and other contractile fibres, which we

will describe more fully hereafter.

The cellsofth eiris only differ from those of the cornea, in their

greater size, and in being completely fiUed with pigment. When isol-

ated, they seem to possess the same plicated inner ends, as those of the

cornea, except that the folds assume more the character of fibres con-

tinued into the subjacent connective tissue. The outer ends are capped

with a rather thick cuticula. Hensen (12) seemed inclined to regard them

as sense-cells, which had something to do with the optic function of the

eye. Sharp (18) held a similar opinion, ascribing to them the power of

distinguishing light from darkness, just as do the cells in the pigmented

spots and grooves in the mantle and sipho of Venus, Mactra and Solen,

while, to the complicated organ within, —the eye, —he would attri-

buto another function thau that of vision. Sharp's supposition arises from

a mistaken notion of what the visual elements, in the pigmented areas

39*
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he has describecl, really are. It has not, in any case, been proved, that

simple, pigmeuted cells are sufficiently sensitive to changes in the

amount of light to cause muscular contractions (the only evidence that

we at present possess to show that such a fuuction is present) ; on the

other hand, it is extremely probable, from my observations, that the

irritability to light is only found, toaperceptibledegree, in what I

have called the isolated ommatidia.

The much deeper pigment of the iris on the side toward the light,

and the absence of nerve fibres, or isolated ommatidia, indicate that the

iris is merely a structure for the exclusion of lateral rays of light from

the retina.

The cilia, which Hensen believed to have seen on the outer ends

of these cells, were probably ragged ends, caused by maceration or

tearing away of the cuticula, or they belonged to ciliated cells from

some other part of the mantle, since no cilia, or sense hairs are to be

found on any part of the epithelium of the eye.

The stalk itself consists of loose, connective tissue, often containing

enormous bloodspaces. Besides the connective tissue forming the w^all

of the lacunae, there is an upper and lower group of long, striated,

muscular cells, serving as erectors and depressors of the eye. They are

continued from the stalk toward the anterior pole of the eye, into the

connective tissue layer (PI. 29, fìg. 19 e. t. e), where, the cross Striae

disappearing , they are replaced by numerous, fine, smooth fibres,

interspersed with nuclei. The fibres decrease in size and distinctness,

until, just beneath the cornea, they form an almost structureless and

hyaline layer —the pseudo-cornea, —in which nuclei are seldom

found. Beneath the iris, some of the fibres are seen to originate from the

ends of pigment cells, while, atthe edge, many fibres which, up tothat

point were distinctly visible, appear to terminate with an out ward curve,

as though attached to the epithelium at that point, forming what we
shall cali the ciliaris (PI. 29, fig. 19 e. L).

The lens which, as the development shows, consists of a modified

group of mesodermic cells, continuous with those of the pseudo-cornea

and connective tissue capsule, is round and biconvex, with the inner sur-

face much more curved than the outer. It consists of large, irregulär,

granular cells with very distinct walls and excentric nuclei. The elon-

gated cells in the middle of the lens are the largest, the long diameter

being parallel with the optic axis. Toward the inner surface, they be-

come flattened and strap-shaped to form cells, the nuclei of which seem,

in many cases, to have entirely disappeared. On the anterior side, the
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cells are smaller, but not flattened, while, wliere the two surfaces of the

lens meet, they are so minute as to be distinguished ouly with great

difficulty. By isolating the lens, this part is seeu to project as a ragged

membrane, composed of fibres continuous with those of the conuective

tissue capsule (PI. 29, fig. 23 c L). This membrane will be called the

suspenso ry ligament. The outer surface of the lens is covered

with two sets of fibres, most conveniently observed in the isolated cor-

nea, or ou the surface of the lens, to either of which they may remain

attached PL 29, fig. 37). They form a layer of streng, circular fibres,

concentrically arranged, and superimposed by a smaller number of ra-

diatiug ones extending from the periphery of the lens to the centro, to-

ward which they gradually diminish in size. In cross sections, the

circular fibres of the lens appear as a row of dots,. forming a sharp de-

markatiou of the outer surface of the lens (PI. 29, fig. 19 c.f. l.).

The inner surface of the lens is sparingly supplied with branching

fibres, which in Pecten opercularis accumulate near the centre to form

a fibrous mass containing an occasionai nucleus, and connectiug the

lens with the septal membrane (PI. 29, Fig. 23 /. l.). This internal liga-

ment I have been unable to find in Pecten Jacohaeus^ where, if present

at all, it is much less developed ; one may, however, observe on the sur-

face, the branching fibres which, becoming more abundant towards the

exterior, finally unite with the radiating, or circular, ones to form the

suspensory-ligament.

The lens of Pecfeti operndaris, being smaller than that oi Pecten

Jacohaeus, is more favorable for Observation, andhere one may see, what

probably exists in the latter genus likewise, a special accumulation of

circular fibres to form two contractile rings, close together on the inner

and outer surface of the lens (PL 29, fig. 23 a^ and ci^]. In Pecten

pusio^, the lens is relatively small, and the inner surface less convex

on account of the enormous development of the cornea (PL 29, fig. 10).

In Pecten tarius the high, conical lens is firmly attached by a conuec-

tive tissue ligament to the septum, and the pupil is proportionately small.

Recent authors have hardly been more successful than the earlier

ones, in determining the true shape of the lens. Keferstein (11) be-

lieved it to be spherical, while Hensen (12), who in this respect

is less accurate than usuai, represents it as Alling the entire space in

front of the retina, and, although bis own observations agree with those

1 Fig. 23 represents more correctly tbe shape of the lens than fig. 19, where

it is not quite deep enongh.
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of Krohn (3), who considered it bìconvex, he cannot see sufficient rea-

son to combat the definite description and drawings of Keferstein. The

flatteued appearance of the lens, drawn by Hensen, is caused, as he

rightly supposed, by the chromic acid, since I bave niyself observed

that an exactly similar shape is produced by treatment with this re-

agent. A similar result also appears to bave misled Carrière (19),

whose drawiug represents exactly the effect certain reagents produce

upon the shape of the lens. Hickson (15), who was surprised at the

failure of bis predecessors to determine such a simple point, has

himself been equally unfortuuate, for he considers the lens to be ellip-

tical, a cross section being circular, or equally biconvex, according as it

passes through the major, or minor axis. Sharp was led to believe, from

the researches of Hensen and bis own observations, that the lens fiUed

the entire space between the retina and cornea.

The soft nature of the lens renders it almost impossible to isolate

uninjured, before it is hardened; the majority of reagents destroy its

originai shape, by causing violent contractions of the muscular walls of

the eye. Treatment in weak sulphuric acid for twenty-four hours will

enable one to isolate the lens in its perfect and normal condition. By
examining many specimens, some eyes will be found with large, cho-

roid fissures, through which the real shape of the lens may be studied

and compared with those treated in sulphuric acid.

Neither Hensen nor Hickson could find any membrane covering

the lens, or any fibres connected with it, although the latter described

a ligamentary support for it, ignorant of its having been already more

correctly described by Krohn, as the se

p

tum, or septal mem-
brane.

The lens is suspended in a large, blood sinus, which has been

regarded as a »vitreous humor.« Carrière first saw the isolated cells in

this space, and correctly interpreted them as blood corpuscles. I am at

a loss to account for their presence there, since the retina seems to shut

out ali communication with the blood cavities of the eye stalk. They

probably enter through the narro w Spaces between the lateral branch of

the optic nerve and the surrounding connective tissue. At times, a great

many blood corpuscles are found in these Spaces, while, again, they

may be entirely absent. It is possible that they are forced into the cavi-

ty artificially by the violent and unnatural contractions of the connective

tissue, caused by reagents.

The lens and the two Corneas form the anterior, dioptric part of

the eye. The posterior portion consists of a thick, concave disc, com-
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pletely enclosed within a membranous sac, which we sliall call the o ra -

mateal sac. The thick, anterior, concave wall, or septal mem-
brane (PL 29, fig. 19 Ò'.), serves at once to protect the ends of the

retinal cells, and as au elastic cushion, upon which the lens rests. The

inner wall is still thlcker, and constitutes the tough, double-layered

sclerotica ^fig. 19 sc). At the confi iieuce of these two membranes,

the wall of the sac is much thiuner, and perforated by innumerable pas-

sages for the entrance of nerve fibres from the axial branch of the optic

nerve. Within the ommateal sac, the cells constitute a closed vesicle,

whose anterior and posterior walls are so closely approximated as to

touch each other, thus obliterating the central cavity. The wall of the

vesicle, for theoretical reasons to be hereafter enumerated, we shall con-

sider as composed of a single layer of cells, although this simple

arrangement is obscured by mauy changes, resulting in the division of

both anterior and posterior walls into several secondary layers. The

posterior wall of the ommateal vesicle, theu, consists of four layers:

au outer vitreous network; a double layered argentea, and the red

tapetum. The anterior wall is likewise composed of four layers : an

outer gangliouic layer; an inner ganglionic layer; the retino-

phorae, and the rods containing the retinidia.

We shall first consider the retinophorae, which constitute the

largest and most important part of the retiöJi. Their attenuated outer

ends, which become insensibly transformed into single nerve fibres,

are attached to the periphery of the retina; whence they are directed in-

wards towards the optic axis (fig. 19 n. rf.]. The most superficial of

these cells, after describing a long curve, bend suddenly at their ex-

panded inner ends almost at right angles, and terminate in the centre of

the retina. As the remaining cells end nearer the periphery, their ex-

panded inner extremities become relatively larger, longer, and less

sharply beut, until, finally, the shortest and peripheral cells describe a

nearly perfect semicircle (PI. 29, fig. 19). A saucer-shaped layer of

cells is thus produced, whose edges are formed by the curved, fibrous

ends of the retinophorae, the large, oval nuclei of which (containing

a nucleolus) are crowded together at the periphery of the retina. Beyond

the nuclei, the cells are continued as slender stalks which, before

reaching the ommateal sac, through which they pass as a single nerve

fibre, become expanded into a delicate, oblong vesicle, containing a

second, faintly stained, and often invisible nucleus (PI. 29, figs. 34. 35

and 36 h.). The expanded, inner extremities of the cells, filled with

fine, granular protoplasm, and containing a very faint and minute
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vacuole, only conspicuous by the constaiicy of its presence and posi-

tion, terminate at the same level, and form a gently imdulating line of

division (the pseudo-membrane, or sieve-membrane of Car-

rière) between the eellular layer of the retina, and the underlyìng rods.

The sharpness of this line is enhanced by the fact that the flanged walls

of the inner ends of the cells unite with those of the neighboring ones.

An exceedingly small space, or canal, surrounding the inner ends of the

cells, is thus formed.

A delicate, structureless wall separates the retìnophorae from their

rods, thus tending stili more to produce the Impression that a mem-

brane is present. Hensen and Carrière called attention to this effect,

in order to warn against it. Hensen attributed it to the fusion of the

walls of the neighboring cells, but failed, as did also Carrière, to see

the dividing wall. By studying a series of cross sections at the niveau

of the pseudo-membrane, some cells will be seen containing, instead of

the granular protoplasm, a thin, homogeneous partition, —the ter-

minal membrane, —the centro of which is perforated by the axial,

nerve fibre (PI. 29, fig. 26 x).

The large, abnormal folds figured by Hensen, Hickson and Car-

rière, especially the two former, are produced by the contraction of the

elastic septum, which, in the living condition, is always in a state

of tension. •

Most of the retinophorae bave the peculiar shape indicated in the

figures, but a comparatively small number of modified forms, which

bave escaped previous observers, are mingled with them. They are re-

tinophorae containing the axial nerve fibres and the two nuclei, but

differing from the others in being reduced almost to a fibre (PI. 29,

fig. 36) . They are not easily seen in sections, but may be found quite

frequently among the macerated and detached cells of the retina.

Although I bave found some very long ones, which must bave ter-

minated near the centre of the retina, they are most abundant near the

perijìhery, where they become gradually transformed into the short,

fibrous cells, without rods, which, for lack of a better name, I shall cali

the pseudo-retinophorae (PI. 29, fig. ^S ps. rf.).

The rods of the retinophorae, which are at once the most in-

teresting part of the eye, and that most difficult to understand, bave

long resisted ali attempts to harden them in anything like a perfect con-

dition. The only method which gives satisfactory results is treatment

in hot chromic acid as described at the end of this paper.

My first studies upon the rods of Mollusca were made upon those
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of Pecteii prepared in this mauuer, and the facts thus obtained formed

the basis of further observations in other genera of Mollusca, as well as

Arthropods.

Althoiigh the rods of Pecteii bave beeu described by Hensen,

Carrière and Hickson, they had a very inadequate notion of their

strueture, or even shape, owing- to the lack of proper meaus of prepara-

tion. They are eolumnar-shaped bodies of a faint, yellowish-red color,

largest near the optic axis and gradually diminishing in size toward

the periphery of the retina. They cousist of a hyaline, refractive cap,

or sheath, surrouuding a pyramidal, axial core fiUed with a watery,

uon-refractive fluid, and, a short distance from the inner ends of the

rods, terminating in a rounded apex (PI. 29, fig. 20).

Each retinophora contains an axial nerve fibre [ax.f.]^ which,

entering the attenuated end of the cell, is continued through the first

vesicle-like swelling (to whose wall it seems to cling), past the second

nucleus, and on, through the centre of the cell, to the inner end of

the rod, whence it issues, and, dividing into two main branches, be-

comes united by connecting loops with the axial fibres of neigh-

boring cells (fig. 20 /. ax.f'^.). In order to study these highly inter-

esting conditions , it is necessary to remove the rods »en masse«, and

then study their inner ends. From the dark, oval area, representing the

apex of the axial cone (PL 29, fig. 22) seen in optical section, arises a

large nerve fibre, which issues from one side of the rounded inner ends

of the rods, and divides into two principal branches, one of which

unites with a brauch from a neighboring rod to form a »nerve loop«,

while the other, bending nearly double, passes between the rods,

there giving rise to innumerable fibrillae which surround their outer

walls. The ends of the rods are also supplied with minute nerve fibrillae

arising from the loops, as well as from the other branches (PI. 29, fig. 22).

Toward the inner ends of the retinophorae, the axial nerve fibre

begins to give off radiating fibrillae, which, in the rods, are so numerous

as to constitute the greater part of their substance. When perfectly

preserved, which is seldom the case, they form an almost solid core of

struight, radiating fibres, some of which, at the inner wall of the sheath,

become contiuuous with circular fibres , while others are continued on,

through the sheath, to the surface of the rod, there uniting with

branches from the external nerves arising from the ganglionic layer

or from the ganglionic brauch of the optic nerve (PI. 29, figs. 20 and 24).

In some preparations, the core seems to be filled with fine granules,

produced by the coagulation of the fibrillae. In others, the fibrillae are
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seeu to be strongly varicose, so that, with a lower magnifying power,

the same granular effect is produced, while, with the strengest immer-

sion lens, Y20 Leitz, the connection between the varicosities may be

distinguished. In the most perfect examples, the fibrillae are in the

majority of cases smooth. Another and better proof that the structures

in question are real fibrillae, proceeding from the axial nerve, may be

obtained in the following manner. By treatment, for 18 hours, in chromic

acid, V4 or VsVo» ^ peciiliar effect is produced, for, upon sections of

such material, or by teasing in dilute chromic acid, it will appear as

though the rods were destroyed, or at least so badly distorted and broken,

as to lose all trace of their former shape. The fact is, however, that

the rods bave burst, the inner ends broken off, and the coutents been

forced out, or left hanging in various positions. The ragged sheaths

of the rods are usually left attached to the ends of the retinophorae. It

is the nervous cores of the rods which interest us most, and many of

them may be found as ovai, or egg-shaped masses, with one end drawn

out into a coarse fibre, either perfectly free, or showing ali stages of de-

tachment from the rods; there can be, therefore, no doubt of their origin.

On closer inspection, it will be seen that the fibrous Prolongation, which

is the detached, axial nerve, is continued into the centre of the mass,

and there gives rise to lateral branches, which on the periphery be-

come continuous with irregulär, circular ones. The relation, which these

three series of fibres bear to those of the axial core, is so evident as to

be beyond question and furnishes a proof that the nervous structure,

attributed to the rods, really exists and is not produced by the coagu-

lation of the rod substance. In osmic acid, the rods are stained a deep

blue, or black, not due to any fatty substance contained in them, as is

shown by their determined resistance to ali fat solvents, but to the

innumerable nerve fibrillae, with which the entire rod is permeated.

Hensen first saw the axial nerve fibre in the retinophorae, and was able

to follow it a short di stance into the celi. His remarks lead one to be-

lieve that it was a disagreeable duty to record his observations, on ac-

count of the difficulty of bringing them into agreement with his remar-

kable theory upon the connection between sense cells and nerve fibres !

Carrière (19), also, saw what was probably the axial nerve, but did

not consider it as such because, in focusing, it moved back and forth

(p. 106)!

Finally, a word in regard to the nuclei of the retinophorae. No one

was able to determine, among the confusion of nuclei, which of them

belonged to the retinophorae. Hensen does not mention the subject in
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the text, but, from Ins figure 95, PI. XXI, one sees that he regarded the

inner ganglionic cells as nuclei. Carrière, also mistook them for the

nuclei of the retiuophorae while, the real nuclei, he regarded as those

of a circular gangliou, to which he attached considerable importance.

The observatious of Hickson are so poor, that it is impossible to deter-

mine exactly what he did thiuk.

Besides the retinophorae, two other groups of cells, the inner,

and outer, ganglionic layers, are found, adding to the compli-

cation of this minute organ. The outer layer, which in its median,

thickest part is two, three, or even four cells deep, and toward the peri-

phery, gradually diminishes in thickness to a single celi layer, entirely

fills the saucer-shaped cavity formed by the retinophorae.

Although the cells show ali variations in size and shape, three

types may be distinguished.

(1) The larger, outer ones, whose broad ends terminate in many

fibres which penetrate the septal membrane and unite with the superior

brauch of the optic nerve. Their blunt inner ends, containiug large, ovai

nuclei, are drawn out into severa! fibres, which, with many others from

the deeper cells, extend, radiatingly, towards the inner ends of the re-

tinophorae, after crossing which, at right angles, they are continued

along the walls of the cells, to the rods (PI. 32, fig. 140 gc^.].

(2) The second kind are large, irregularly shaped cells, drawn out

into several fibres, a single one, directed toward the lens, being the

largest, and dividing. just before entering the fibrous layer, into several

small branches, which are continued onwards to the ganglionic brauch

of the optic nerve. The outer arms of these cells may be as fine as any

nerve fibre, or much thicker, resembling an elongated celi ; in this case^

it terminates abruptly at the beginning of the fibrous layer, where it

breaks up into a number of fine fibres. The inner ends of the cells,

which contain large and nearly round nuclei, are drawn out into several

fibres, like those of the first type, extending towards the inner side of

the retina (PI. 29, fig. 33 ò, and PI. 32, fig. 140 ffcK).

(3) The cells of the third form are small and provided with numerous

nervous prolongations, one of which passes through the fibrous layer

into the outer brauch of the optic nerve, while others extend inwards

towards the rods (PI. 32, fig. 140 <7c^.). Ali these kinds of cells, which

show no very definite arrangement except that the first generally con-

stitute the outer row, are evidently modified forms of the same Cle-

ments.

At the periphery of the retina, the outer ganglionic cells are re-
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cluced to a single layer, extending as far as the thin wall of the om-

mateal sac, where the fìbres from the axial branch of the optic iierve

enter the retina. These cells are drawn out into two long fibres, which,

instead of penetrating the deeper parts of the retina, form an irregulär

layer of superficial, circular fibres. By isolating the entire retina and ex-

amining it from above, the large, ovai nuclei will be seen and the Pro-

longation of the spindle-shaped cells may be followed a short distance

(PI. 29, fig. 32 d). Toward the centre of the retina, the cells grow large

and round, until transformed into those of the outer, ganglionic layer.

The inner ganglionic layer is composed of a single row of very

small, flattened cells, which, when seen at ali, were mistaken by pre-

vious writers for the nuclei of the retinophorae. This mistake is readily

made, since the small cells, almost completely filled with a flattened and

deeply stained nucleus, are squeezed fiat betweeu the walls of the retino-

phorae. The best method of studying them is by teasing macerated

eyes; the minute cells in question will then be seen closely attached to

the side of the retinophorae, —near the angle formed by their bent,

inner ends, —by means of several (6 or 7) radiating arms, which, ad-

hering closely to the wall of the celi, extend nearly parallel to each

other, towards the rods (PI. 29, fig. 38). On the outer side, one or two

large fibres extend towards the lens and become continued into the gang-

lionic branch of the optic nerve (PI. 32, fig. 140 ^c^). Thus the enlarged,

inner ends of the retinophorae are surrounded by innulnerable, longi-

tudinal fibres, which extend beyond the cells to the inner ends of the

rods, over the surface of which they form a network of fibres. One will

often be struck with the difficulty of separating these ganglionic cells

from the retinophorae, the reason being that the outgrowths of the cells

are provided with innumerable, lateral branches completely surrounding

the retinophorae with a network of closely united fibrillae, which prob-

ably penetrate the celi wall. When one has finally succeeded in isolat-

ing them, either by prolonged maceration, or by persistent tapping upon

the cover glass, many of the fibrillae will be seen stili attached to the

fibrous prolongations of the cells (PI. 29, fig. 36 y). There are, more-

over, many nerves arising from the outer layer of ganglionic cells and

continued directly onwards to the rods, while others, breaking up into

numerous smaller fibres, terminate in the walls of the retinophorae. The

nerves terminate in two ways. In the first method, which rarely occurs,

a single fibre impinges directly upon the celi wall and there divides into

several short fibrillae, connected at their distai extremities with a cir-

cular fibril enclosing the wbole (PI. 29, fig. 36 x] . In the second method,
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a nerve libre, after following tlie cell wall for some distance, giving ofif at

irregulär iutervals smaller, lateral branclies, finally becomes so minute

as to disappear. Many small nerve branclies, instead of penetrating the

pseudo-membrane, unite with each other to form a network offibrillae,lodg-

ed in the circular Spaces formed by the flanged walls of the retinophorae.

There are still other nerve fibres, surrounding the attenuated outer

ends of the retinophorae, which could not have originated from either

of these ganglionic layers. They probably arise from the angle of the

ganglionic nerve (PI. 29, fig. 19), and, entering the periphery of the re-

tina, follow the general direction of the axial nerves to the inner ends

of the retinophorae, where they are lost among the other nerve fibres

from the ganglionic layers. It is well nigh impossible to follow a

single fibre any distance from its source of origin, but we can say with

certainty that most, if not all, of the large fibres from the inner gang-

lionic cells extend directly inward, over the surface of the rods, while

others, from the same cells, extend in the opposite direction to the gang-

lionic nerve. The inwardly directed fibres may terminate on the wall

of the retinophorae, or be continued beyond the pseudo-membrane to the

surface of the rods. Their outwardly directed ends may vary from thick,

celi prolongations, terminating in many fine fibres, to attenuated pro-

cesses, themselves no larger than fibres, and which are then continued

outward, without branching, to the ganglionic nerve.

There are stili other kinds of nerves found in the retina, which,

instead of originating from one of the layers of ganglionic cells, may arise

from the ganglionic branch of the optic nerve, and proceed directly to the

retinal layer, without the Intervention of a ganglionic celi (PI. 32, fig. 140).

The fibrous layer has been described by Carrière, as a thin layer

ofnucleated, columnar cells ; Hensen belle ved itwas produced by shrink-

age and a consequent drawing out of the nerve fibres from the septum.

Many of the inner cells of the onter, ganglionic layer present a

most interesting and instructive sequence of forms. Their inner ends are

drawn out into several fibres, while the outer end shows ali stages in

the transformation of a thick celi body into one or two nerve fibres. One

often finds parts of cells, not quite reduced to a nerve fibre,

but giving off lateral branches, which unite with the

neighboring cells (PI. 29, fig. 33, PI. 32, fig. 140 gc.^). I have

also found minute, inner, ganglionic cells, to whose surface was attached

a nerve fibre ending in a manner exactly similar to those upon the sur-

face of the retinophorae (fig. 140 x). The ganglionic layers, therefore,

contain cells in ali stages of metamorphosis, from ordinary cells, to the
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most highly inodifìed ganglionic ones. Those nerve fibres, which arise

directly from the ganglionic brandi, may be considered as the inner euds

of ganglionic cells, the nucleated bodies of which in the earlier stages

bave become entirely separated from the retina. The ganglionic layer

then contains cells in ali stages of ganglionic perfection, and showing ali

grades of union with themselves and with the real sense organs, —the

retinophorae and their rods.

Having traced ali these fibres to the rods, it remains to see how
they terminate there. In cross or longitudinal sections, they are extra-

ordinarily difficult to see, but, by isolating the rods hardened in hot

chromic acid, the difficulties will be materially diminished. By the latter

method then, one may see the surface of the rods covered with longitu-

dinal fibres, from which arise innumerable, smaller branches encircling

the rods with a meshwork of fibrillae (PI. 29, fig. 20). The larger,

longitudinal fibres, instead of growing gradually smaller toward the

inner extreniity of the rod, retain their originai size, and, dividing into

one or two branches, unite with each other by arched loops (PI. 29,

fig. 22). From these external loops may arise a few minute fibrillae,

which extend over the inner end of the rod. AH these fibres adhere so

firmly to the surface, tbat it is extremely probable the ultimate fibres

penetrate the rod and become continuous with the cross fibrillae of the

axial nerve. The latter, as we bave already said, after issuing from

one side of the extremity of the rod, divides into two branches ; one of

which unites with the axial nerve of the neighboring celi, or, in some

cases, passes over the end of one rod to unite with the nerve of the next;

the other, bending completely double, passes between two adjacent

rods, over the surface of which its branches are distributed.

A remarkable peculiarity will be observed by examining the inner

surface of a group of detached rods; it will there be seen that the

loops of the axial nerves are ali turned in the same di-

rection. It is not improbable that some relation exists between this

fact, and the originai arrangement of the two cells, by the fusion of

which the retinophorae were formed. In the very best preparations, the

most careful examination failed to discover any trace of a division in the

rods, similar to that found in those of Arca.

On the periphery of the retina, the rods are absent, and the retino-

phorae reduced to slender fibres, the nuclei of which are difficult to

distingnish from those of the inner, ganglionic layer. In fact, at this

point, the retinophorae, and the inner ganglionic cells, together with

many nerve fibres from the outer ganglionic layer, form an inextricable
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mass of iuterlaciug fibres, which are less intricate near the inner surface

of the retina, where the prolougations of the first two sets of cells form

a layer of parallel fibres, directed toward the inner surface of the eye.

At the periphery of the circular, rod-bearing area, the nuclei of the

short retinophorae are situated near the pseudo-membrane in large

vesicle-like swellings of the celi, whose narrow and rodless inner ends

are surrounded by several large fibres from the inner, gauglionic cells

(PI. 29, fig. 3S n. rf.'^). The latter, which elsewhere formed a single

row above the rods, on the periphery of the retina become more numerous,

and form, near the inner surface, several rows difficult to distinguish

from the nuclei of the pseudo-retinophorae. It is worthy of notice that,

on the periphery of the retina, there is much less specializatiou of the

cells, the retinophorae being smaller, and the inner ganglionic cells

larger, than in the middle of the eye.

There are certaiu points in the anatomy of the retina that may be

studied to great ädvantage, by isolating it entire, and, after staining in

picro-carmine, examiniug either from above or below (PI. 29, fig. 32).

In the former instance, one sees at the edge, first, the superficial, single

layer of outer ganglionic cells [d] ; below them are the slender ends of

the retinophorae, with the inner ring of their large, deeply stained nuclei,

and the outer ring of vesicles containing the faintly stained ones [e] ; the

nerve fibres continuous with the peripheral ends of the retinophorae

are seen projecting in groups beyond the edge of the retina.

Beneath the retinophorae, is a small number of scattered nuclei

contained in large spindle-shaped vesicles, filled with a mass of granu-

lar protoplasm in the centre of which is a clear space, containing au

ovai, sharply stained nucleus [b). These nuclei belong to those cells which

form the transitional stages between the retinophorae and the pseudo-

retinophorae. Whether the clear space surrounding the nucleus is pro-

duced by artificial shrinkage, I cannot say ; it is, however, certain that

the space is invariably present, and furnishes a means by which these

cells may be easily recognized. Beneath the last layer, is a fourth,

formed by numerous, small, sharply stained nuclei belonging to the

inner ganglionic cells, and the pseudo-retinophorae. Toward the inner

surface, to examine which it is better to turn the retina on the other

side, these smaller nuclei begin to assume a circular arrangement, being

placed with their flattened sides toward the centre of the retina [a). At the

surface, the nuclei bave disappeared, and we bave, instead, a delicate

membrane reaching from the edge of the retina to the beginning of the

rods, and extending completely round the retina (PI. 29, figs. 32 and
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38 cm.). In tliis manner a circular membrane —membrana circu-

laris —is formed, composed of nearly concentric, circular fibres, often

expanded into little knob-like swellings, which stain in haematoxylin,

and have the appearance of nuclei. It is possible that they may be the

aborted nuclei ofthose cells, by the fibrous trausformation of which the

circular membrane was formed ; but the structures in question were so

minute that it was impossible to arrive at any definite conclusion. The

circular membrane seems to be divided into two, nearly equal zones, of

which the inner is thicker and better defined, and terminates sharply at

the edge of the disc-shaped layer of rods ; the outer zone diminishes in

compie te ness towards the periphery, where it gradually disappears.

The four layers just described, the outer and inner gangiionic

layers, the retinophorae, and the rods, are all modifications of a single

layer of cells forming the outer wall of the optic vesicle. Its inner wall

is likewise composed of four layers ; the vitreous network, the inner

and outer argentea, and the tapetum. In each wall of the optic ves-

icle, three of the four layers are cellular, while one, formed by the rods

in one instance and the vitreous network in the other, is non-cellular.

The vitreous network is extraordinarily difficult to preserve in

its natural shape, and has, for that reason, been overlooked by previous

authors. Carrière (p. 104) speaks of the rods as being immersed in a

fatty substance (staining deeply in osmic acid) , which extends between

the rods as far as the sieve-membrane on the one side, and is limited by

the tapetum (argentea) on the other. This fatty mass is formed by the

fusion of the sheaths of the poorly preserved rods, while what he con-

sidered as the rods are simply the axial cores. The fatty mass of

Carrière must not, therefore, be confouuded with the vitreous net-

work, which may be regarded as a very thin layer of hyaline sub-

stance, perforated by large holes into which the inner ends of the rods

fit (PI. 29, fig. 21). The holes, then, are as large, and have the same

hexagonal or pentagonal shape, as the inner ends of the rods ; they are

separated from each other by narrow bars, provided at their points of

union with short, vertical projections, which ascend a short distance be-

tween the inner ends of the rods. —The vitreous substance, therefore,

forms a complete network, the meshes of which constitute a crown for

the inner end of each rod, completely filling the narrow space left be-

tween their rounded edges and the argentea. On the periphery of the

retina, where the rods are absent, the vitreous network is transformed

into a thin piate filled with numerous and irregulär holes (PI. 29,

fig. 21 «). The vitreous network, as is indicated by its development, is
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a cuticular secretion of the outer layer of the argeutea, and is ho-

mologous with thc cutieiüar rods secreted by the retinophorae.

The argentea is formed by the modification of two cell layers into

refractive, laminated membranes, the outer being the most highly diffe-

reutiated. Eaeh membrane is composed of minute, Square plates,

whose edges are bevelled in such a manner that the outer faces are

smaller than the inner, which rest upon the undifferentiated, under sur-

face of the membrane by which all the plates are held together. In

passing iuwards, the membranes become thinuer, less distinct and re-

fractive, while the lamellated structure entirely disappears.

In seetions, the retina is usually separated by a considerable space

from the two. folded layers of the argentea, which, in the living con-

dition , is perfectly smooth and concave ; its thicker outer layer, in the

adult condition, never contains nuclei, although one or two mayoccasion-

ally be found in the inner , less refractive and less dififerentiated one.

The argeutea is thicker in the centre of the eye, whence it gradually

diminishes to a thin layer, extending to the periphery of the retina, and

terminating at the place where the fibres from the axial brauch of the optic

nerve enter the ommateal sac. In the outer membranes of the argentea,

the Spaces separating the Squares from each other are not snperimposed,

but arranged so as tofall above the middle of the underlying Squares

^Pl. 29, fig. 29) . In the inner membrane, where the Square plates are

either extremely thin , or entirely absent , it is impossible to recognize

this arrangement. When the argentea is »in situ«, it reflects a soft,

silvery light, like that from a highly polished mirror ; the refraction of

this light by the crystal-like lens gives rise to the well known, emerald

and violet colors first seen and described by Poli, By removal of the

lens, these colors disappear and we have instead the silvery light of the

argeutea and the colorless light from the lens. The iridescence produ-

ced by the lens
, or argentea, depends greatly upon the condition of the

animai, and the position of the eye as regards the light. The emerald

and violet reflections are offen entirely absent. The isolated argentea

appears, by reflected light, like plates of polished silver. The trans-

mitted light is differently refracted in various parts, producing red,

orange, yellow, blue and pnrple lights. The optical properties of the

argentea are not easily understood, but it appears that in general, while

acting as a perfect reflector for incident rays passing through the lens,

it offers no great impediment to the entrance of light into the retina, after

passing through the colorless eye-stalk and red tapetum.

Although the septum , sclerotica and tapetum stain deeply in hae-

Mittheilniigen a. cl. Zoolog. Station zu Neapel, Bd. VI. 40
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matoxylin, the argentea never, to my knowledge, absorbs coloriug

matter. Krohn first described the argentea of Pecten^ and ascribed to

it the luminoiis appearance of these eyes. Will appeared to confoimd

it with the tapetum. Hensen seems to have seen the minute , Square

plates of the membraues, for he mentions the »Stäbchenförmige Mole-

cule« , whieh he is iuclined to regard as eells. Hickson saw the play

of color produced by the argentea, which he considered gave the eyes

their »beautiful metallie lustre«. The argentea is formed according to

him »of a great number of fine fibrils crossing at right au-

gi es«. Carrière states that. »Das Tapetum lucidum besteht aus feinen

Fasern ,
welche alle in derselben Richtung verlaufen, und zwar, gleich

den Seitennerven innerhalb des Auges
,

quer (senkrecht) zu der Ober-

fläche des Mantels«.

The tapetum, the red pigment layer of previous writers, usually

consists of a single layer of cells, decreasing in thickness from the axial

part of the eye toward the periphery, and terminating, with the argentea,

at the entrance of the fibres from the axial brauch of the optic nerve

into the retina. The cells are large, many-sided bodies filled with

coarse, red pigment granules, in the midst of which is a round, or oval,

vesicle-like nucleus containing, in a clear fluid, two or three deeply

stained and irregularly shaped granules ,
or nucleoli. The red color is

preserved excellently well in hot sublimate, while it is dissolved or

destroyed in alcohol, or in combinatious of picric or chromic acid.

The tapetum forms one of the most conspicuous objects in the eye,

and, for that reason, has long been known. It was first described by

Keohn, but Hensen was the first to discover its cellular nature. Hick-

son was subsequently unable to confirm Hensen's observations, andcame

to the conclusion that »the pigment contains no cellular ele-

ments at all«! Carrière has correctly described and figured the tape-

tum, which he erroneously considers to be a continuation of the nu-

cleated septum. It must be considered, however, as continuous with

the retina, and homologous with the outer ganglionic cells, as we shall

explain more fully in treatiug the development of the eye; (see diagram,

PI. 32, figs. 151 —152). Acircumstance, which Icannot regard as acciden-

tal, is that, in the eyes of all the species oiPecten examined, the tapetum

is not surrounded by pigment, but is exposed to the light from below.

The iris always extends as far inwards as the outer edge of the tapetum,

and there abruptly terminates. On the shell side, the iris, as has already

been described, extends much further towards the mantle. and forms a

narrow, pigmented band ou that side of the stalk. AVe have failed to
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form auy couclusiou, as to what this appareutly iuteutioual exposure of

the red pigmeut to the light, signifies.

The optic vesicle, with its eight layers, is coutained in the o mina-

te al sac. The anterior wall, the septum ofKiiOiiN, forms a stout and

elastic eushion or spring, upon which the lens rests. The septum is

formed of a double membrane ; the thickened and struetureless central

part of the outer layer, a little to one side of the optic axis, is perforated

by the ganglionic nerve brauch (fig. 19) ; the peripheral part of the sep-

tum, gradually diminishing in thickness toward the edge of the omma-
teal sac. consists of numerous connective tissue cells modiiied into

circular fibres. The nuclei of the cells are extremely difficult to find in

the adult condition, on account of their minute size, and flattened shape.

They are most easily seen in surface preparations of the membrane,

which may be isolated without special difficulty. In young eyes, the

nuclei of the septal membrane may be easily seen (fig. 10). The sheath

of the ganglionic brauch —according to Hensen —fuses with the septal

membrane; but my own observations indicate that it terminates when

the nerve leaves the connective tissue and enters the blood Spaces sur-

rounding the lens. The inner membrane of the septum is uniformly

thin aud struetureless. The ganglionic^branch forms a disc-like expan-

sion upon its outer surface , over which the nerve fibres radiate in all

directions. Toward the periphery, the nerve disc is so thin that the two

membranes become closely united, and finally fuse with each other.

One may easily isolate this inner membrane, together with the disc-

like end of the ganglionic nerve. It may then be seen that the outer

«urface of the membrane is smooth, but that the inner one is covered

with the ends of the nerves which have penetrated the membrane.

Carrière has attempted to show that the tapetum is coutinuous with the

septum, to which he ascribes a cellular nature. The real nuclei of the

septum, he did not see, for it is evident, from his figure 80, that what he

considers to be the septum is composed of the septal membrane together

with the single layer of cells formed by the continuation toward the

periphery of the outer ganglionic layer !

The sclerotica, or inner wall of the ommateal sac, consists of

a tough. hyaline, connective tissue membrane, thickest in the median

parts opposite the pupil , whence it is continued
,

gradually decreasing

in thickness, to the periphery of the retina, there becoming continuous

with the septal membrane. The sclerotica has always been des-

cribed as a single layer. According to my own observations it is formed

of two layers, the inner of which is marked with short parallel cross

40*
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lines; tlie tliick, oiiter oiie consìsts of faint longitudinal fibres, the super-

ficial ones of which may contaiu a few nuclei (PI. 30, fig. 39}. It has

only been in three or four instances that the cross markings bave been

observed, but they were theu seen so distinctly that there can be no

doubt that such a structure was present. These lines produce the effect

of plates of alternating density, rather than of fibres. This structure of

the sclerotica seems to be best preserved by treatment with chromic acid,

Ir, o/o for 24 hours. The sections must be examined in water, or some

other medium with a low refractive index. The sclerotica has been con-

sidered to be continuous with the pseudo-cornea, by means of the con-

nective tissue layer beneath the iris. The two latter structures are,

however, merely continuations of the contractile tissue of the stalk into

the anterior pole of the eye , while the sclerotica is directly continued

into the septal membrane.
The opti e nerve arises from the circumpallial nerve, and, after

extending through the centre of the stalk, divides into two, nearly equa!

branches , of which the basai one abuts against the sclerotica, a short

distance on the shell side of the optic axis, and then, losing its sheath,

divides into many bundles of free nerve fibres , which , cliugiug closely

to the sclerotica, ascend radiatinglytowards the peripheryof the retina,

where they penetrate, in quite distinct groups, the ommateal membrane,

and become continuous with the attenuated ends of the retinophorae,

through the centre of which they are extended as axial nerve fibres.

The basai, or axial brauch of the optic nerve, therefore, consists

entirely of the axial nerve fibres of the retinophorae. The division of

the optic nerve takes place in a piane at right angles to that of the

mantle. The lateral, or gauglionic brauch, produced by this division,

ascends toward the shell side of the retina , over which it is bent at

nearly right angles , and is continued over the surface of the septum,

the thick outer layer of which it penetrates just below the inner surface

of the lens. After passing both layers of the septum, in the manner

already described, its fibres either unite with the gauglionic layers, or

pass between their cells to the surface of the rods. In the fibrous layer,

two kinds of fibres may be distinguished , the most numerous are ex-

tremely fine , and arise from the outer ends of the oblong gauglionic

cells : the larger and less numerous oncs are the single prolougations

of the more deeply situated gauglionic cells of the outer layer. Even

in the disc-like expansion of the gauglionic nerve brauch, one may see

both kinds of fibres, and follow them a short distance into the mòre

compact part of the nerve. That the sheath of the gauglionic brauch is



Eyes of Molluscs and Arthropods. 597

lost, before euteriug the blood Spaces siirroiinding tbe leus, is shown by

the fact that. as it bends inwards, it gives off numerous radiating fibres

from its out er surface. which enter the peripheiy of the retina,

without passing- through the thickeued central part of the septiim. They

are the fibres which surround the narrow outer ends of the retinophorae,

and of which we bave already spoken.

The optic nerve and the proximal parts of its two branches are

surrounded by a delicate sheath, beneath which is a cortical, nucleated

layer surrounding the central fibrous axis. The connective tissue of the

stalk contains several large blood sinuses. Tlie numerous radiating

arms of the connective tissue cells, at the periphery of the stalk, become

more regularly arrauged, and constitute a system of circular and longi-

tudinal muscular fibres. The latter, on the branchial and shell side of

the stalk, form two, quite well defined groups of large, striated

muscular fibres. Toward the base of the eye, are large. scattered, gang-

lionic cells, drawn out into several fibres, and filled with granular pro-

toplasm (PL 29, fig. 19).

Besides the tissues already mentioned, there are numerous long and

refractive fibres, which arise from the mass of fibres at the periphery

of the stalk, and, converging toward the base of the eye, penetrate the

sclerotica and the superimposed layers, as far as the inner ends of the

rods. In the stalk they are easily seen as single, seldom branched, wavy
fibres, which, in the sclerotica, expand into refractive, spindle-shaped

bodies, —often of a very faint pink color, —and are then continued stili

further inward, either as single fibres, or divided into several branches.

These remarkable fibres, concerning whose origin and formation no

very satisfactory explanation can be given, —see PI. 32, figs. 151 and

152 —are as difficult to preserve, especially the ends with the spindle-

shaped swellings, as the two layers of the sclerotica, and, like them,

theìr preserva tion depends upon conditions, which I was neither able

to understaud nor control. In successful preparations. the number of

the spindles seems to vary considerably : in one instance, in which

they were preserved with remarkable clearuess, I could only count

three or four in each section : in other cases, as many as fifty or sixty

could be seen.

Development of the Eyes of Pecten.

The foUowing observations concerning the development of the eyes

qì Pecten were made upon young specimens, from 1 —3 mm. long, of
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Pecteìi operctäaris. Otlier species, as P. piisio, P. carms^ P. flexuosus,

P. inflexiis and P. testete, were also studied, but, in ali except P. pusio,

the differences were imappreciable.

The foUoAviug description, with the exception of one or two remarks

concernine P. j^usio, refers entirely to P. opercularis.

The mantle edge of yoimg- Pectens has the three characteristic folds

well developed. In the adnlt, these folds are enlarged and complicated

by the presence of secondary ones, and several rows of tentacLes. The
walls of both the Ophthalmie and shell folds are specially thickened,

and ciliated on the shéll side. The former, in P. opercularis^ is short

and thick, its free extremity being divided into two thick-walled and

ciliated lobes; in P. pusio it is unequally forked, the outer division

being much longer and thicker than the inner.

The pigment in the youngest specimens, 1 mmlong, is entirely con-

fined to the eye spots. In larger ones of 2 mm, the velum is covered

with light yellow or red blotches, in which are many large, scattered

ommatidia, usually single, but often united into pairs. They form ir-

regulär black spots, consisting of several darkly pigmented cells sur-

rounding a centrai colorless one, These isolated ommatidia are larger

and more conspicuous than any I have ever seen. In the adult, they are

less prominent and may disappear entirely. Between the base of the

Ophthalmie fold and the velum is anarrow pigmented band, extending

the whole length of the mantle, and, at places, deepeued into lougitu-

dinal grooves, from the bottom of which are often developed the hypo-

dermie thickenings, which constitute the rudiments of the eye. The thin

branchial wall of the Ophthalmie fold, usually colorless, with bere and

there a minute, yet black pigmented pit (fig. 2 y),\% seldom provided with

cilia, which are principally confined to the two thickened, terminal lobes

and the opposite face of the fold. The pigmented pits consist of minute,

deeply pigmented cups, sharply circumscribed, and not to be confounded

with simple, irregularly shaped pigment spots upon the level surface of

the Ophthalmie fold. Ngt more than three or four cells, completely iilled

with black pigment, take part in the formation of these pits, which, in

their Position and general appearance, recali the invaginated eyes of

Arca. The colorless cells, so universally present in the latter, could not

be detected ; but in spite of their absence (probably due to haviug es-

caped notice on account of their minute size and the diffìculties of Ob-

servation), I consider that these transitory pigmented cups

are homologous with the invaginated eyes of Arca.

In cross sections of the very youngest specimens (1 mmlong), may
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be seeii. at tlie base of tlie Ophthalmie fold, bctweeu it aiul the velimi,

a few large cells coustituting small ovai thickeuiugs, the rudiments of a

future eye (fig. 18)^

The cells of the thickeuing are large and coluinnar, striatcd at the

outer extremìties, while at the inner end they are clearer and bounded

by faint lines. lustead of tcrmiuating in a sharply defìned boundary, the

protoplasm is often drawn out into mauy amoeboid-like arms, in the

larger of which are nuclei. The boundaries between the cells are very

faint and often invisible. The cilia, which are usually confiued to the

apical lobes (fig. 2), in this case extend over the optic thickening

(fig. 18). On the outer edge of the rudimentary eye (that is away
from the hingeì , the nuclei are smaller and show a tendency to form a

double row. In the next stage (fig. 14), au increased development is indi-

cated by the greater number of nuclei on the outer side of the thickening,

and their tendency to form several rows. They are likewise smaller than

those formìng a single layer üu the opposite side. In this example also,

the cilia have extended over the optic thickening, but they are fewer

and smaller and appear to be degeneratiug. Both figs. 14 and 18 are

sectious of larvae, 1 mmlong, in which no pigment was developed.

In these young specimens, the absence of anythiug like a basai

membrane, and the manner in which the inner ends of the cells are

drawn out into naked, protoplasmic, amoeboid arms, some of which

contain nuclei, is worthy of notice.

By continued proliferation of the cells on the outer side of the

optic thickening, an ovai, knob-like papilla is formed, the long diameter

of which is parallel with the optic tract (fig. 11).

The optic tract is now pigmeuted, as well as the base of the pa-

pillae at whose summit (fig. 11) the pigment is absent. The wall of the

thickening becomes better defined and consists of a single row of regu-

larly arranged nuclei, except on the outer side where the proliferation

to form the hypodermic core continues, thus, at thatpoint, prevent-

iug the formation of any sharp line of demarkation between the super-

ficial hypodermis and the underlying cells. The diifereuce in the

manner of division between the cells of the upper and lower side of the

optic papilla gives rise to a change in form and direction of growth.

At the point ìiaj. fig. 1 1 , the piane of division is parallel to a tangent

at the surface, andtherefore the cells grow inwards to form the core.

' For the sake of conveniecce in the following description, we shall speak of

the pigmented band, from which ali the eyes originate, as the «optic tract«.
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On the inner side, the piane of division is at right angles to the tangent,

and consequently the hypodermis at that point increases in extent, hnt

remains single layered. This caiises an elongation, and flatteuing- of the

papilla, the proliferating- point, hy. assuming a position more and more

on the outer side. At first the hypodermic core is not at ali sharply de-

fined; severa! of the more deeply situated cells (figs. 11, 12 and 16)

separate from the rest and mingle with the niimerous connective tissue

cells, from which they finally hecome indistiuguishahle. They are the

ganglionic cells, which later provide the eye with nerve

fibres. The division of the cells, on the outer side of the papilla, soon

ceases, and the solid core of deeply staiued nuclei becomes surrounded

by a well defìned, single layer of hypodermis, containing dark, homo-

geneously stained nuclei (figs. 12 and 16). Several connective tissue cells

bave grown, by rapid divison, between the hypodermis and the core,

around which they form a single layered capsule of cells loosely con-

nected by means of protoplasmic outgrowths. The nuclei are distin-

guished from those of the hypodermis by containing a clear, faintly

stainable fluid, in which are several minute and iutensely stained

bodies, often collected into a flattened piate in the centre of the nucleus.

Up to a late period in the development, these characteristics serve to

distinguish the connective tissue cells from those of the hypodermis. At

the base of the core are several large ganglionic cells, one of which is

represented in fig. 12. After the core has been entirely separated from

the hypodermis and^enclosed within the connective tissue capsule, the

whole papilla becomes elongated and somewhat flattened, while a disc-

shaped cavity appears in the centre of the core, transforming it into

the optic vesicle, the equally thick anterior and posterior walls of

which, at first, consist of a single layer of cells. An inequality in the

two walls soon appears, in that the nuclei of the outer, retain their radiai

arrangement, while those of the inner become taugentially disposed, at

the same time formiug a double layer of lighter colored nuclei (fig. 4).

The outer layer of the optic vesicle develops into the retina, while the

two inner ones give rise to the argentea, ag. and tapetum, ta.

The cavity of the vesicle. which becomes more and more flattened,

in the earlier stages appears to be filled with a clear fluid, through which

delicate, protoplasmic filaments pass from the inner to the outer wall.

In the following stages, the posterior wall becomes more sharply

defìned
,

and bere , for the first time , the cells of the optic vesicle are

provided with distinct celi walls (fig, 5) . The outer row of cells , ag^

andf/^2_ becomes filled with refractive, yellowish green granules, some

1

I
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of whieli soon lose tlieir color, aucl, at the outer Surfaee of tlie cells, as-

sume a reg'ular arrang-cment in layers. Witli tlieir loss of color and furtlier

developuieut. tlie grauulcs become more refractive and flattcued, uutil

tlicy fiually unite to form tlie membraues of Square plates, so cbarac-

teristie of the arg-entea in the adult. By the overlapping of the cells (tig. 5),

the arg-entea is soon converted into a distinct double layer, of which the

outcr cells become raost quiekly transformed into the reflecting mem-
brane . while the inner retain for a long time their nucleated . proto-

plasmic structure.

The retinal layer (fig. 5, r) increases in thickness, and its large.

deeply stained, oval nuclei, containing numerous dark g-rauules, become

two or three layers deep ; at the same time a slight indentation on the

outer surface iudicates the beginning of the saucer-shaped depression

of the retina which, in the adult, is lined with the outer ganglionic cells.

An extremely delicate structureless membrane forms the boundary of

this depression and furnishes the first trace of the septum (fig. 5, s).

Just above the latter, the nuclei of four eounective tissue cells are col-

lected. being the first step toward the formation of the lens. The fiirther

developuieut of the retina is accomplished by an increase in the depth

of the central depression , below which the outer ganglionic layer

becomes established by the arrangement of the nuclei in a single layer,

and the appearance of the celi walls. The nuclei , on the thickened

periphery of the retinal layer, are stili characterised by being more

deeply stained, and arrauged three or four deep. As these changes

become more and more marked, the retina divides into three zones.

consisting of the fibrous (fig. 17?/) , the ganglionic (r), and the retinophoric

layer 'n.rf.). The fibrous layeris first seen beneath the septum, as a clear

area, which gradually increases in width, until it has reached the con-

dition represented in fig. 17. The ganglionic cells, which in the earlier

stages we bave seen separated from the hypodermic core, cau no louger

be distinguished; but, from the tissue of the Ophthalmie fold arise nume-

rous. varicose, nerve fibres which, reaching the eye, penetrate the wall

of the optic vesicle, where they divide into numerous branches. These

nerve fibres are the remnants of the outer ends of ganglionic cells,

which —after the withdrawal of their nuclei and celi bodies from the eye

into the underlying tissue —stili remain unitedwith the retina by a long

nerve fibre, the end of which iudicates, approximately, the originai posi-

tion of the ganglionic cells (figs. 4 and 5 n.f). With the developmeut

of the retina these fibres increase in number and assume a more parallel

arrangement. Whereas at first the fibres seemed to terminate indefin-
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itely in the retinal layer, tliey now appear to end abruptly in the drawn-

out ends of the ganglionic cells. Besides the nerves , the fibrous layer

also contains numerous, minute and deeply staiued particles, which, in

the later stages, disappear entirely (fìg-. 17 n. f.). The middle, or

ganglionic layer is formed of a single row of large. round nuclei, whose

cells are filled with coarse, granular protoplasm. The periphery of the

retina is filled with several rows of nuclei , imbedded in a clear proto-

plasm, a part of which gradually grows toward the centre of the eye,

and forms a clear, narrow band beneath the ganglionic layer (fig. 17).

The lens has increased somewhat in size (compare figs. 5 and 17)

and begins to show traces of its future shape ; at its periphery, it stili

passes insensibly into the thin layer of connective tissue cells, surround-

ing the optic vesicle.

The epithelium of the eye consists of a thin layer of cells, the

nuclei of which are widely separated. The greenish yellow pigment

granules , which at first were only present around the base of the eye,

bave encroached upon the anterior pole, around which they form a deeply

pigmented and nearly complete ring, the iris. The anterior pole re-

mains colorless and forms the cornea. The iris is best developed upon

the branchial side of the eye ; on the opposite side only traces of pig-

ment are to be found.

The tape tum forms a single layer, filled with red pigment, be-

fore the pigment of the iris has appeared. The cells first become
filled with coarse, colorless and refractive granules, which

soon acquire the characteristic red color of the tapetum.

The nuclei of the retinophorae, which at first form a thickened

ring around the retina, gradually grow inwards towards the centre of

the eye. It is not tili quite late in the development, after the appearance

of the rods, that the celi walls, containing the nuclei, become visible.

To determine the exact manner in which the rods develope, is an

extremely difficult problem. Although my sections of that stage were

most numerous and perfect , I was unable to come to any satisfactory

conclusion as regards their origin. The clear space , represented in

fig. 17, y, increased in thickness up to a certaiu point and then the faint

outlines of the rods, togetherwith the pseudo-membrane, suddenly

appeared, only a little less distinctly than those of fig. 10. The only

difference, between the rods wheu first seen and those of the adult, was

in the large size of the axial core of the former, and the extremely

thin shell , or sheath , scarcely visible except at the tips of the rods.
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As soon as the latter could be clearly distinguished, they were seen to

contain an axial nerve fibre.

The chauges, by which an eye as complete as that represented in

fig. 17 is trausformed into the adiüt conditiou, are of no great morpho-

logical value. and are easily comprehensible without the use of figures.

The lens increases in size, while between it and the cornea, the psendo-

cornea is formed by an ingrowth of connective tissue. The increasing

convexity of the lens causes a space to be formed between it and the

retina. The nucleated septal membrane is produced by the flattening

and elongation of the connective tissue cells beneath the lens. The

fibrous layer becomes more sharply defined, while the small deeply

stained bodies (fig. 17 y) disappear.

The gauglionic cells increase in number, fig. 10, and form a double

layer, from the periphery of which severa! small cells subsequently

become separated and attach themselves to the ingrowing retinophorae

(fig. 10, f/. c. c). In this manner, the two layers of ganglionic cells be-

come definitely established.

The argentea undergoes no great change after the condition

represented in fig. 17. The nuclei simply decrease in size until they

finally disappear, with the exception of those of the inner layer where,

in the adult condition ,
one or two aborted nuclei may rarely be ob-

served.

With the appearance of the rods, a fourth layer, the vitreous

network, is produced, either by a secretion, or transformation of the

outer argentea. The viti'eous network , in contrast with its subsequent

condition, forms a thick homogeneous and structureless layer (fig. 10, i) .

The innumerable, isolated fibres, which even in the earlier stages

innervated the eye (fig. 4 and 5), subsequently unite to form a single,

loose bündle of nerve fibres, the primitive optic nerve, which

later divides into the more sharply circumscribed, axial branches of the

definite optic nerve. All the nerve fibres supplying the optic vesicle

are not collected to form the optic nerve, for many (fig. 10, :r), terminat-

mg in the base of the vesicle
, retain their primitive arrangement and

appear to penetrate the sclerotica, tapetum and argentea, as far as the

rods. Mostof these fibres, in'the opposite direction, are turned towardthe

Shell side of the stalk, where they become loosely united with each other

and connected with the ganglionic swelling of the circumpallial nerve

from which the optic nerve originates (fig. 10, cp.n.). Even in the fully

grown animals. these nerves, already described, may be seen as rather
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lai'ge, refractive, wavy fibres, which appear to bave lost (?) tbeir ner-

vous function.

Tbe circum palliai nerve contains as mauy ganglionic swelliug-s

as tbere are optic nerves. In many, if not all, of tbese g-aug-lia, tbere

is a peculiar iufolcling dividing tbem into balves (fig. 10, cp. ti.].

Tbe free edge of tbe opbtbalmic fold contains at regulär intervals,

large ova-like cells, wbieb may be seen in preparations of tbe wbole

mantle edge, as well as in section (figs. 2 and 7). I am unable to offer

any Suggestion as to tbeir signification.

In tbe neigbborbood of tbe binge, tbe brancbial wall of tbe mantle

of younger specimens is tbrown into a variety of tbick ciliated folds, tbe

nuclei of wbicb are, in most cases, several rows deep (figs. 1 and 9).

Tbe outer of tbese folds is occasionally tbinner and more protuberant

tban tbe otbers. It is likewise cbaracterized by its innumerable cilia, so

closely packed and equal in lengtb tbat tbey appear more like a striated

protoplasmic layer, tban cilia; tbey also form little tufts or groups over

eacb flattened celi (fig. 1). In some cases, one of tbe folds becomes

especially eularged at its extremity , tbe walls tbickening to form a

kidney-sbaped body witb a great many small, deeply stained nuclei

(fig. 15). Tbe surface is covered witb a cuticula provided witb minute

papillae, from eacb one of wbicb originates an enormously long cilium

continued tbrougb tbe cuticula into tbe clear cortical layer (fig. 15, a.y)

.

Toward tbe binge, tbe opbtbalmic fold may undergo a similar cbange,

in tbat botb its walls become greatly tbickened and filled witb several

rows of small nuclei (fig. 13); in tbis instance, bowever, tbe cilia are

absent. Tbe tentacles are usually developed between tbe eye and tbe

velum, but towards tbe later stages, it often bappens tbat tbey may ori-

ginate at tbe base of tbe opbtbalmic fold, between it and tbe eye (fig. 7).

Wbile in Trieste, I partially prepared a paper upon tbe sense

bair papillae of Mollusca, tbe publication of wbicb was delayed witb

tbe bope of finisbing certain observations, not as complete as I de-

sired. "VVbile studying tbe development of tbe eyes of Pecten, my atten-

tion was attracted by certain facts, concerning tbe origin of tbe tenta-

cular nerves and tbe sense papillae, wbicb promised to tbrow ligbt

upon tbe origin of tbe optic nerves. It was also necessary, for otber

reasons, tbat a comparison sbould be made between tbe development

of tbe eyes, and tbat of tbe tentacles, in orderto determine tbe relation

between tbe two structures, andto see wbetber, as bas been suggested,

tbe eyes are modified tentacles or not.

Tbe following remarks, concerning tbe origin of tbe sense papillae,
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do not properly belong liere, and tlierefore only enougli will be said to

serve for comparison between tlie developmeut of these fibres and thosc

of tlie eye. A more dctailed account of the scuse hair papillae and

their orig-iu will be rcscrved for a future paper.

The sense hair papillae may originate at any place along the outer

surface of the velum, or along the optic tract. They appear, at first, as

thickeuiug-s of the hypodermis —similar to those of the eyes —which

soon become conical, with a tuft of stifi' scuse hairs at the apex (fig. 6).

The in ward prolif eratio n ofthecells, atthatpoint,gives
rise to an e et od ermi e cor e, which becomestransformedìnto
a longitudinal nerve with which every tentacle is pro-

vi de d. As the papillae increase in length, tufts of sense hairs are

formed ou the sides, each connected with one or two ganglionic cells

(fig. 6), In those papillae, on the surface of the velum (fig. 8), which do

not develop into tentacles, no nerve is formed; but two or three cells are

separated from the summit of the papilla, and wander into the under-

lyiug tissue, there formiug ganglionic cells, the nerve-like ends of which

may terminate in a small number of sense hairs
; or, if the cells are

more highly specialized, the sense hairs may be absent, and the terminal

fibres divided into numerous fibrillae, which supply the adjacent cells.

Many of the papillae are deeply pigmented; others on the contrary

may be entirely colorless.

Ostrea.

I bave not been able to find, in this genus, the eyes referred to by
Will and others, and, since more recent authors bave been equally

unsuccessful, we must, I think, believe that he was either mistaken, or

examined some other species.

Besides the pigment scattered irregularly over the surface, I bave

observed, beneaththeepidermis, a greatmany pigment balls (from .01

to .005 mmin diameter) smaller than, but similar to, those of Cardium.

The tentacles are nearly pigmentless and ciliated. The hypodermis at

the extremities, is thickened and supports a number of sense hairs;

this is also the case with Mactra. In the pigmented areas, the same
colorless cells, as in Arca^ are seen surrounded by pigmented ones, and

undoubtedly represent scattered ommatidia.
I can confirm the statement of Sharp, that Ostrea is sensitive to

ehanges in the intensity of light. He has sectioned the pigmented areas

and finds two kinds of cells, pigmented and colorless ones, which he
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eompares to those found by Fraisse in Patella, aucl believes, witb bim,

tbat the lattei* scerete the cutieiila; wbile tbe former are tbose sensitive

to lig-ht.

Mactra.

The extremity of tbe sipbo of Mactra stultorum is provided witb a

number of ovai pigmented areas, varying in color from madder brown

to dark purple, or even jet black; some, usually the darkest ones, are

placed at the base of the tentaele, others, sìmilar in shape, but lighter

colored, are to be found on the free edge of the sipho. In the latter

case, the pigment cells are arranged in small groups, in the centre of

v^hich is a clear, refractive spot. At the base of the tentacles, the cells

are too deeply colored to admit of such a clear view. In the latter in-

stanee, it appears as though the pig-ment was deposited beneath the

surface , but , unfortunately , the superficial examination that I gave

them will not allow me to make any positive statement : I, however.

believe that the Clusters of pigmented cells, in the centre of wbich were

the clear refractive points, are the same structures we bave seen in

Arca, that is ommatidia, composed of pigmented cover cells sur-

rounding a centrai colorless one.

In Mactra hehetica, the pigmented areas are less numerous but

apparently more highly speci alized.

Sharp has examined Mactra solidissima and found the same scusi-

ti veness to light and shadow, as in other genera witb which he has ex-

perimented. I bave tested Mactra stultorum and Mactra helvetica, in

the same manner, and found that they also bave this sensitiveness

to a marked degree. His statement that the pigment cells tend to form

shallow grooves at the base of the tentacles, I am neither able to

confirm nor refute,] having never studied them by means of sections, as

he has done.

Pinua.

The bodies on the mantle oiPinna, first described by Will as eyes,

bave in more recent times been supposed to possess some other function

than that of vision. That they bave the general shape and appearance

described by Will, can easily be seen on superficial examination. The
slit-like fold, which he considers to form a kind of iris, is caused by
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inuscular contraction of tlie mantle, and may, or may not be present.

Carrière , after au examination by means of sections ,
concludes tliat

tlie Organs in question are not eyes, but peculiar glauds.

Toward the expiration of the time at my disposai for the pre-

paration of this paper, I was enabled to examine hastily some mace-

rated preparations , and^found the eyes (?) coraposed of an immense

number of conical cells, expauded at the outer extremity aud drawn

out to a poiut at the inner; they were filled with a mass of refractive,

closely packed. globules, —which, indeed. gave them the appearauce

of glaud cells. —and were surrounded by narrow, ciliated cells, occa-

sionally faintly colored at their expanded outer ends. Upon the external

surface
, the large cells were often provided with several, longitudinal

fibres, whieh appeared like the nerve fibres seen in the retinophorae of

Area, but I could not decide whether they really were so or not. These

Organs present several peculiarities which render a more accurate study

of them highly desirable, Their position on the edge of the mautle,

and their hemispherical shape, show, at first sight, considerable resem-

blance to the faceted eyes qì Arca^ to whose retinophorae and cover

cells. the large colorless cells, drawn out to a point at their inner ends

and surrounded by smaller ciliated ones, might be compared. The ab-

sence of pigment does not offer any serious difficulty, aud, if it could

be shown that the Innervation and composition of the large cells was

the same as in the retinophorae of the faceted eye of Arca., we should

be obliged to considcr these problematical organs of Pinna as eyes,

rather than glands. It seems, however, that in the absence of such

observatious , the question must for the present be left open. That

Pinna has some organs of vision, is shown by the same simple experi-

ments as bave been tried upon other Mollusca ; but whether the seat of

this seusitiveuess to light lies in the so-called eyes of Will, or in the

masses of dark pigment so abundant upon the edge of the mantle, is

of course difficult to decide.

Avicula.

Avicula was examined very hastily, just before sending the proof

sheets to the printer. It is extraordinarily sensitive to changes in the

amount of light, the least shadow causiug it to dose the shell quickly,

and with such force as to indicate that even this slight chauge acts

as a considerable irritant. The simple, diffuse ommatidia, the only
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visual Organs present, are sensitive to the difference in liglit pro-

dueecl by holding- such a small object as a peucil between them and the

window. Even a shadow, so faint as to be impereeptible to the ex-

perimentor, caused the immediate contraction of the mantle. The ex-

periment is so simple, and the result so evident, that there is no

possibility of a mistake in Observation. This special case was of unusual

interest to me, for bere the simplest kind of eye known is accompanied

by a sensitiveness to light and shade, not exceeded even in Arca, so

lavishly supplied with much more perfect visual organs. Weare bere

led to suspect the presence of some other factor which must, when
known, account for the apparent agreement in functional powers be-

tween two organs so widely different in structure. Let us suppose a

number of animals with equally perfect eyes , having the same struc-

tural perfection and functional powers, then, every thing else being

equal. the same irritant would produce the same effect upon them ali.

But let US suppose that, after geuerations of existence under varying
circumstances, the eyes remained stationary; then it would be

found that the same cause would no longer produce the same effect.

We may suppose that the results would be varied by the following

factors.

1

.

By an inherited association of a sudden change in the amount

of light with some danger, to escape which the animai must dose its

Shell. Such an instinct would easily be acquired by Molluscs preyed

upon by other animals, as e. g. Paguridae that are very expert in ex-

tracting animals from the shell by means of their peculiar shaped claws.

Danger, in the shape of an approaching crab, would, like ali other

Coming events, cast its shadow before, and the watchful Mollusc, that

was fortunate enough to dose its shell in time, would bave the chance

of transmitting to its descendants a tendency to be extremely sensitive

to any slight change in the amount of light.

2. The results will be alike in both the following cases; (a) if

there has been no such association between a difference in light and

some impending danger; or (b) if by frequent repetition, the animai

has become accustomed to the changes in the amount of light. In

either case an ordinary shadow would not cause muscular con-

tractions.

3. It is supposable that the same image will produce the same

effect in two equivalent visual organs, but the effect may be trans-

mitted to a nerve centre with different degrees of intensity, so that

eutirely different perceptions will be the result.
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These suppositions, which have been merely outlined, so rim into

eacb other that they allow the interpohitiou of subdivisions, and a much

more extended treatmeut; this will, however, suffice for my purpose,

for it euables me to arrive at au important eonchisiou of practical value :

if, for certain reasons, the same combiuation of light vibrations, aeting-

lipon the same visual elemeuts, produces differeut perceptions, or

dififerent iuteusity of reflex actious, theu it becomes actually impossible

to determiue the relative fuuctional powers of two eyes, by the differ-

ence in eflfect produced by the same image, or by the same combiuation

of light vibrations : and, eonversely, ueither can one determine what

efifect will be produced by the perception, throug-h equivalent eyes, of

the same image. There are pleuty of cases to illustrate both sides of

this proposition ; therefore when a person attempts to judge of the per-

fection of au eye by experimeuts aloue, bis deductions are liable to be

wrong, or at least to contain an abuudance of uncertain Clements.

The necessity of keeping these facts in mind is only too evident in

the present instance. By experiment alone, we woiild be led to suppose

that Ackula had eyes at least as complicated as those of Area
; but

we are surprised to find that there are only a few scattered ommatidia,

which would entirely escape the notice of one who had not seen them

better developed elsewhere. But if we are led into such false concep-

tions by experimenting upon organs, which, the first glance teils us, are

widely dififerent in structure, how can we determine, by experiment
alone, the relative perfection of organs which are nearly alike in histo-

logical structure?

Cardiiim.

The rather massive sipho of C. edule is beset with a double row

of tentaci es, which, in the expanded condition, form a radiating fringe

around each of the siphonal openings. On the anterior and posterior

side, the fringe attains its greatest development , while , between the

anal and oral opening8,it is reducedto a few, small, scattering tentacles
;

those on the anterior side of the oral opening are the largest of all,

and one of these, from which the remaining ones dififer but slightly, we
shall select for description. It is extended directly away from the oral

opening
,

with the exception of the expanded tip which is bent nearly

at right angles towards the sipho (PI. 31, fig. 113 . On the side

a wa y f r m t h e 1 a 1 1 e r , is a semi-cir cular band of bro wu pigment cells
;

the remainder of the tentacular hypodermis is colorless.

MittheiluEgeii a. d. Zoolog. Station zu Neapel. Bd. VI. 4|
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On C. edule I bave couuted fifty-one eye-bearing tentacles, —so

large that oiie could distinguìsh the pigmented band with a band lens,

—about the orai or anterior opening, and sixty-two, around tbe anal

one. At tbe tips of tbe tentaele, on tbe lips of tbe cup-like bollow. are

tufts of stiif, sense bairs. Cilia, as far as I could see, were not otber-

wise present on tbe tentacles.

In tbe connective tìssue of tbe sipbo, beneatb tbe bypodermis, are

many irregulär aggregations of large, round cells filled witb dark brown

pìgment.

Tbe remaining portion of tbe mantle is pigmentless, witb tbe ex-

ception of a narrow band on tbe sbell side of tbe mantle.

Most of tbe tentacles are single, but I bave observed several eases

in wbicb tbe apex was forked , eacb end hearing an eye. Tbe bypo-

dermis is tbrown into many irregulär, circular folds: tbere are also

two remarkable, longitudiual ones, extending tbe wbole lengtb of

the tentaele, one on eacb side (PI. 31, fig. 113 x). At the end of tbe

tentacles, beneatb the band of pigment, is an orgau containing ali tbe

Clements characteristic of an eye. It consists of a rougbly spherical

mass of large cells ,
—witb sbarply defined celi walls and nuclei ,

—
wben living, containing a faint red coloring matter. Tbe periphery of

tbe cells is filled with fine granular protoplasm, wbicb gives them the

peculiar appearance represented in tbe drawiug (fig. 112). Wben fresh,

they are transparent and refractive, so that one may see througb

them the silvery light reflected from the argentea. The former, in

combinatiou witb the red light from tbe large cells . causes a brilliant

iridescent play of colors similar to that produced by tbe red pigment

and argentea of Pecten. Tbe extremely simple retina, —wbicb is ob-

long in sbape, the short diameter being at right angles to tbe pigmented

covering —, consists of five or six rows of cells, tbe ends of wbicb are

directedinwards, andrestupon tbe mass of connective tissue fibres wbicb

serve at once as a capsule and tapetum. Tbe opposite extremities, near

wbicb are situated tbe large, ovai and sbarply stained nuclei, appear

to terminate in single nerve fibres, wbicb pass out of the capsule, on tbe

side opposite the pigmented band, and, bending at right angles, extend

along the axis of the tentaele as isolated fibres. At the angle of eacb

of these cells, nearly opposite the large nuclei, is a small and poorly

defined celi containing a minute, but deeply stained nucleus. It seemed,

at times, as if I could distinguish an extremely delicate membrane be-

tween tbe retina and the red cells , but I canuot say with certainty

wbether it was really tbere or not.
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The arg-eutea (PI. 31, fig-. 1 12 ag.) is similar to that of Pecien, and

consists of connectivo tissue cells. the bodies of whieh are flatteued iuto

memhraues, composed of minute refractive S(iuares much smaller than

those of Pecfen. In sectious, it appears to consist of fibres with minute,

refractive varicosities
,

and might easily be mistaken for a layer of

nerve fibres. The best method to observe this »Plättchen« structure of

the tapetum is by pressing- the ends of the tentacles almost flat under

a cover glass
; one then sees beneath the hypodermis a layer of what

appears to be fine refractive granules
,

the truc form of which can ouly

be disting-uishcd with the highest powers. The cells of the tapetum

are not so completely metamorphosed as to lose their nuclei
; as is the

case in the adult Pecfen, the nuclei are quite numerous, and may readi-

ly be detected as minute, compressed bodies, conspicuous by the in-

tensity with which they are stained in haematoxylin. The argentea en-

velops the whole eye, but is thickest ou the sides next the pigment and

toward the base of the tentacle; on the remaiuing two sides, it is reduced

to a thin, hyaline membrane through which the nerve fibres pass to the

retina. It is thus evident that the light must come from the summit of

the tentacle. and indeed from the iuvaginated portion away from the

pigmented side ; the ends of the retinal cells are therefore parallel to the

rays of light, as we should expect. Whether the inner ends of the cells

are really provided with rods. similar to those oi Pecten^ for example,

I cannot say. Perhaps the fact that it was difficult to obtain clear pic-

tures of just those parts where the rods should be , may be considered

as favorable to the supposition that they are true retinophorae. There

is a striking resemblance between these retinal Clements and those of

Pecten, and, until evidence shall be produced to the contrary, I propose

to consider them as homologous , and consequently shall designate the

large cells [rf.) as retinophorae, and the small ones [g.c.) as ner-

vous cells, homologous with the inner ganglionic ones of Pecten.

Whether there is a central nerve fibre in the former, or not, I was un-

able to determine ; this is a point of considerable importance for , if it

i« so . we should then have good reasou for supposing that the cells in

question are formed by the fusion of two cells, just as they are in

so many other cases. The cellular body (/; , which we shall speak of as

a lens, —althongh it is probable that it combines in itself another

functiou besides that of concentrating the light, —is composed of

large characteristic cells, which, however, are not confined to this

region alone, but extend theuce in a double row, nearly half the length

of the tentacle; they then break up iuto irregularly scattered cellS;

41*
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which bave not lost, meantime, any of their characteristic color or

appearauce.

The nuclei of the hypodermis iuvariably coutain nucleoli, with the

exception possibly of those which are so constricted that it is impossible

to determine whether nucleoli are present or not. The nuclei of the

pigmented band are situated close to the inner ends of the cells and

are distinguished by absorbiug staining fluids more deeply and evenly

than those of the unpigmented portions.

It has been known since Will's time, that the ends of the tentacles

can be in-, or e-vaginated at pleasure. The former process is accom-

plishedbythe contraction oflongitudinal muscularfibres.the thickened,

nucleated ends of which form a muscular ring attached to the inner

surface of the hypodermis at the apex of the tentacle. By the con-

tractiou of these muscles only that part of the apex away from the eye

will be invaginated. Even in the most extended natural condition, the

tip of the tentacles is never convex, but on the contrary, slightly con-

cave, as represented in fig. 112.

Still further contraction draws the pigmented band over the open-

ing of the eye in such a manner as to prevent the access of light to it.

Will was the one, who, in this case as in so many others, gave us the

first description of these structures, and correctly considered them as

visual Organs. His description of their external characters is perfectly

correct, as far as it goes ; to this account nothing has been added up to

the present day.

Carrière has also examined these structures and asserts that

they are not eyes. Although he is careful not to call them luminous

Organs, one can see that he is inclined to lay stress upon the lumino-

sity of some of the cells. He says, for instance, p. 97. «Augen jedoch

sind es nicht unddesshalb kann ich an dieser Stelle keine eingehendere

Beschreibung der leuchtenden Zellen des Epithels und der Tentakel-

spitze geben. Ich glaubte nun Leuchtorgane vor mir zu haben.
Schließt man aber das Licht gänzlich ab, so erlischt der
Glanz und es findet hier somit keine selbständige Lichtentwicklung

statt. 'f

Sharp has been less successful than Carrière in finding the

eyes of Cardium
; he declares that none are present in either C. edule,

C. muricatum, or C. magnimi; this, however. is probably due to the fact

that he only examined specimens preserved in alcohol, which quickly

dissolves the red pigment; one may then easily fall to see the lens
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and retina situateci below the epithelium, But tliey are not so easily

overlooked in C. eJuIe, where one side of the eye is covered with browu

pigment, not solublc in alcohol.

If we Start with the siipposition that all eyes are modifieations of

hypodermie cells. against which there can be, I tliink. no very serious

objection. then it is natural to expect that, the farther the organ has

become removed from the seat of its origiu, the older it is. and the

more chang-es it has undergoue. But we also und, that those organs,

which are phylogenetically the oldest
, or which have passed through

the greatest number of intermediate changes, are either highly de-

veloped; or were so once. In the present instauce. the changes

necessary to evolve such au organ from simple hypodermie cells must

have been radicai aud numerous, and it is not easy to imagine auy

plausible method by which such a process could have taken place. But,

in spite of the fact that it is so highly differentiated as regards

what must have been its original condition, it is still an ex-

tremely simple organ, whose functional power must be of a very low

Order. I consider, therefore, that duriug the long and complicated series

of changes necessary for the evolutiou of such an organ, it at one time

probably reached a much higher structural, as well as functional con-

dition, and that the present, very simple organ is due to degeneration.

Cardium tuberculatum.

In this species, the pigmented band at the summit of the tentacles

is absent, and the brilliant lustre, so characteristic of C. edule, is al-

most entirely wanting. But, with a careful examination, one easily

sees two rows of large, ova-like cells, closely packed, and extend-

ing from the tip of the tentacle, where they unite in the median

spherical mass above the retina, nearly to its base. These cells coutain

diffuse coloring matter which gives them their reddish tinge. The same

form and general arrangement of the tentacles obtain here as in C.

edule^ but cilia or scuse hairs, I have not been able to detect.

The tentacles of C. tuberculatum are very sensitive to the amount

and inteusity of light, while, on the other band, Irritation by contact,

and shocks or movements of the water caused by a sharp tap upou the

glass in which they are contained, apparently produce no effect upon

them. This is just the opposite to what is found in Pecten, where the

tentacles are extremely sensitive to tactile Impression, or to coarse
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vibrations , irritation of one causing immediate contraction of ali the

others , or even of the whole mautle. But, in Pecten , the teutacles

are richly supplied with sense hair papillae, while this is not the

case with Cardium, where, however, the sensitiveness to lig-ht is highly

developed; for variations in the intensity of the latter, caiised by shad-

ows, produce lively movements of the tentacles, which may resuit in

violent coutractions of the whole animai. After repeated experimente,

the irritating effect seems to he dimiuished, so that, finally, even quite

deep and sudden shadows may produce only restless or uneasy move-

ments of the tentacles, or perhaps no effect at ali.

Card ita sulcata.

In fresh specimens, the only material I have examined, may be

Seen the orange-red mantle edge, near the orai end of which are five

or six large pigment spots, dark brown or nearly black in the centre,

but fainter near the periphery. In these pigmented areas, over which

the cuticula is specially thickened, one may see numerous, scattered

ommatidia, cousisting of four or five dark-colored cells arrauged

arouud a single, centrai one, two of which are often situated dose to-

gether. The latter may be found on the edge of the dark spots, as well

as in the reddish colored area, surrounded, in the latter instance, by

pigmented cells of an orange-red color, instead of black. Over the

pigmented areas, the cuticula was especially thickened, but not faceted.

No experiment was made to test the sensitiveness of these ani-

mais to light, but I cannot doubt they have this property, since the

diffuse ommatidia they certainly possess, appear to be as highly

developed as those of Avicula^ which, in comparison with the com-

plexity of its organs, has this sensibility developed to a truly wonder-

ful degree.

No statement, that I am aware of, has ever been made concerning

the eyes of this genus of Molluscs.

It is not unworthy of remark, that two genera so closely allied as

Cardium and Cardita should have eyes so different from each other.

Haliotis.

It was intended, in studying the eyes of this Mollusc , simply to

test my observations on Arca^ concerning the nerve endings in the re-

tinidia, and the double structure of the retinophorae.
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Among- the mauy autliors
,

wlio liave describcd
, iu more or less

detail, tlie eyes of Molluscs, tliree liave given special attention to this

genus. Tliere is uo room for a g-reat diöerence of opinion as to the

coarser auatomy of the eye. It is principally concerning the more min-
ute, histologieal structuvc that I desire to speak, and to which I have

giveu most attention. There is hardly any difference of moment be-

tween the eyes oi Haliotis, and the invaginated ones foimd in Area.

The former may be cousidered as pigmented pits in the thickened

hypodermis, with a specially thick cuticnlar covering, the outer and
inner layers of which have become highly differentiated to form, in the

first instance, the vitreous body and the lens, and, in the second,

the richly innervated layer of rods. The so-called retinal cells eon-

sist of two elements, exactly homologous with the pigmented cover cells

and the retinophorae of Area. The pigmented cells are extremely long

and narrow (figs. 68 and 62) , their inner third or half being reduced to

a slender hyaline stalk, or bacillus. The leugth of the cells varies

greatly, those opposite the opening of the cup being the longest. The
nuclei form a gentle swelling in about the middle of the cells, they may,
however, be situated at different levels, so that it might easily be im-

agined there were two nuclei in each cell. Such, however, is not the

case, as it may easily be seen that the outer ends of the isolated pig-

ment cells are completely filled with inteusely black pigment with which

they seem to terminate ; the clear, central axis of Carrière has no exis-

tence. In special preparations , the cell is seen to be sharply con-

stricted at its outer end luto a colorless rod, narrow at the base, and

continued outwards until it terminates in an expanded end (fig. 62 rh).

The pigment contained in these cells usually cousists of fine , dark

granules which often fuse to form large , round balls, equal in dia-

meter to the width of the cell.

The bacilli (figs. 68 and 62 he.) terminate at their inner ends in

severa! fine fibres, which appear to restupon a very delicate basal

membrane. Several of these cells, the exact number I have been unable

to determiue , surround a single , colorless one with a large basal uu-

cleus
;

the colorless ones are the so-called «Stützzellen«, or secrete-cells,

as some have considered them, but they will here be called the retino-

phorae, siuce they are homologous with the similarly named cells in

the eyes of Area and Pecten ; although, as I have already remarked in

the introduction, the pigment cells likewise support retinidia, still the

colorless cells alone perform this function in the more highly develop-

ed forms. Just as in Area and Peeten^ the retinophorae oi Haliotis
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are formed by the fusion of two cells, one nucleus of which re-

tains its originai characteristics, aud may be readily seeu situated at the

base of the celi. The other micleus may. iu mauy cases, become so

degenerate as to entirely eseape uotice; but stili, in carefully stained

specimens. it at times appears as clearly defìued as in ordinary cells,

although it is usually seen as a homogeneous. faintly stained, ovai body

(figs. 66 and 67 n. rf.'^) at the outer end of the celi, in the centre of a

gentle swelling. Between the two nuclei, the cells are often constricted

to a narrow neck, or eveu to a slender fibre; the outer part terminates

in a narrowed portion filled with fine granules, which stain in haema-

toxylin, and give to this part a special prominence.

When seen in cross sections , this granular part projects a short

distance beyoud the ends of the pigment cells (fig. 58 x). In one in-

stance, I found a very beautiful celi, the outer end of which
terminated in two separate pieces (fig. 66) furnishing a most
conclusive proofthat the retinophora. with its two nuclei,

was f r me d b y the f u s i o n o f t wo cells. The celi contents consist

of a clear, protoplasmic mass in which are imbedded many granules of

various sizes. some of which are so refractive as to appear like pigment

granules. The distinction between the pigmented cells and the colorless

ones is not as sharp as in Arca^ for I found severa! that I was in doubt

whether to cali pigment cells or retinophorae. The inner ends of the

latter terminate in a relati vely large, varicose nerve fibre, into which

they are so gradually trausformed that it is difficult to teli where the

cells end and the fibres begin. One may follow the fibre in its course

through the centre of the celi, passing to one side of the large basai nu-

cleus, until it reaches the apex, where it issues agaiu aud passes out-

wards between the double rods of the retinophorae. Other nerve fibres

follow the wall of the celi to its outer extremity, where they appear to

terminate. The fibres often hang freely from the cells, so that one sees

they are provided with numerous extraordinarily fine fibrils (fig. 66)

exactly similar to those found in Arca. But the most conclusive proof

that nerve endings occur bere similar to those in Arca . was found by

treating the rods in such a manner as to d i s s o 1 v e t h e e u t i e u 1 a r s u b-

stance of the rods. leaving the mass of nerve fibres per-
fectly free aud iutact. To do this, the eyes were hardeued in 1%
bichromate of potash, for 24 hours, and then removed to dilute glyceriue,

1 part to 4 parts of distilled water
; a further treatment with strong gly-

cerine followed, after which they were washed in distilled water. Small

pieces may then be placed in acetate of potash or water, separated with
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needles. aud examined with a high magnifying- power. Although I haveuot

always beeu equally successful, some most brilliant i)reparatious were

ohtained, in whieh eouldbe seen half a dozeu or more nerve fibres exteud-

ing aloug the wall of the cell, over the outer euds of which they projeeted

in long festoons, whose leugth often exceeded that of the cells them-

selves. The prineipal fibres were quite large and perfectly distinct,

with very few side brauches; biit towards the extremit3^ they broke up

into many smaller l)rauches, which eontinued to siibdivide more and

more rapidly. imtil they at last ended in myriads of the finest fibrils,

not terminating freely , biit unitiug with each other to form a perfect

network of coutinuous fibrillae. In some cells, all the fibres, with their

mass of terminal fibrillae ,
remained so united as to retain the shape of

the rod before the cuticular substance was dissolved; in other cases.

the large branehes had become separated from each other , and were

turned and twisted in all directions ; fig. 63 is only one out of hun-

dreds of similar cells, each provided with the long festoons of nerve

fibres, the ultimate ramifications of which, with all their confusing com-

plexity, could be seen infinitely more clearly in the original prepara-

tions, than I have been able to indicate in the figure , where only one

of the fibres is entirely drawn. By selecting a small and well isolated

portion of the retinidium, it will be seen to consist of innumerable,

equally large branehes, which become continuous with each other in all

directions to form an inextricable network of fibrillae (fig. 61). Although

nearl}' perfect , isolated retinidia are often obtained, they are usually

united into larger or smaller groups in such a manner that there can be

no doubt that, at the extremity at least, the individuai retinidia are

connected with each other by fibrils, in the same manner as the various

nerve branehes of the same cell. The bases of the rods are reduced

to slender stalks, separated from each other by clear Spaces through

which the nerve fibres of the colorless cells pass outwards to form a si-

milar network of fibrillae which unite with those described above. In

preparations of isolated cells, from whose rods the cuticular substance

has not been dissolved, I have never been able to find retinophorae with

rods at their outer end; the latter was always eontinued outwards as one,

or several fibres, that soon divided up into smaller branehes, and termi-

uated in the same mauner as those of the surrounding pigment cells. It

is probable that the rods of the colorless cells are so inconsistant as to

lose their shape when the surrounding cells are removed, or that they

are dissolved in the processes of maceration. The retinidial layer of the

cuticula does not entirely fili the cavity of the eye ; it passes quite grad-
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iially into a clear, nerveless, viscid fluid, whicli more than fills the

remaining space and consequently projects somewliat over the pupil of

the eye. This outer portion, often very irreg-ularly shaped, is always

harder than the inner part, or vitreous body (fig-. 58). I have a series

of sections, in which the siirface of the vitreous body has become hard-

ened into a lens shaped portion, situated over the opening of the eye,

and almost entirely outside of it ßg. 58 /). This lens is conspicuous

on account of the difference between its index of refraction and that of

the vitreous body, andespecially on account of the fact that its periphery

alone stains deeply in haematoxylin. The vitreous body, the lens, and

the retinidial layer, at the edge of the optic cup mergeinto each other,

and by means of a graduai series of changes pass into the cuticula of

the hypodermic cells surrounding the optic cup. The entire gelatinous

mass , filling the cavity of the latter, may be reduced to a single, but

highly modified, cuticular layer, in which the inner Stratum, filled witb

the nervous fibres, coustitutes the retinidial cuticula, while the

vitreous body . and the irregulär outer thickeuing, or lens, represent

the corneal cuticula, homologous with the delicate corneal mem-
brane in the compound eyes of Arca, as well as the corneal membrane

of the invaginate forms. The retinidial layer is homologous with

the similarly cali ed layer in the invaginated eyes of Arca, or the

retinidia taken collectively of the faceted eyes.

It is evident, therefore, that thecolorless cells mustbe considered as

essential Clements of the retina, both morphologically and physiologi-

cally, even though, in the present instance, they play a relatively sub-

ordinate part; or rather it would be better to say that the pigmented

cells, with their retinidia, have gained an unusual ascendency. This,

however, is necessarily the case, owing to the small specialization of

the retina, —the hypodermic characteristics of which are but slightly

modified, —together with the equally poor functional development

of the organ. In the phylogenetic development, accompanìed by the

specialization of certain cells in different directìons and the acquisition

of higher functional powers , it will be found that the colorless cells,

with their retinidia, continue to gain the ascendency , until they con-

stitute the essential and least variable Clements, while the pigmented

cells become more and more subordinate to secondary functions.

On the upper side ofeach tentacle oi Haliotis, is a dark pig-

mented band,which, in the large head tentacle, is sunkeu into a furrow,

in many places so deep that its lips may nearly dose to form a tube.

The floor of the furrow consists of thick, columnar cells filled with a
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dark brown or black pigmcnt. The euticula is uot especially developed
;

neither eould auy eolorless cells be seen iu the seetious. The similarity

of these pigmeuted bands with those on the sipho and mautle edge of

the Lamellibrauehiata is at once evident; whether the resemblance Ì8

more than a superficial oue, and whether a similarity in fimctionis also

p/esent, cau ouly be shown by actual experiment.

It was Babuchix, who in 1866 ^ published a paper whieh, for

aceuracy of Observation , has hardly been excelled by subsequent au-

thors faVored with much better means of study. He fully recognized

that the retina was composed of groups of pigmented cells, surrounding

a central, eolorless one with a large nucleus. He likewise appears to

have Seen the intercellular nerve fibres, but erroneously considered

them to be foldings in the cell wall. Also the important facts, that the

eolorless cells were continuous at their inner ends with a single fibre,

while the pigmeuted ones ended in four or five, did not escape bis no-

tice. As far as the structure of the retina is concerned, no new acqui-

sitions have been made since bis time, except to extend some of his ob-

servations to other genera. In the majority of cases, subsequent

authors have failed to recognize certain essential facts which he seems

to have fully appreciated.

Hensen failed to find in Pterotrachea the so-called eolorless

cells of Babuchin. He distinguished three kinds of cells, one of

which, with the large, round nucleus, wasprobably one of the eolorless

cells in question, to whose surface, pigment was accidentally attached.

One might likewise infer from his description, that the pigment cells

were differentiated iuto two rows, as in Area. His observations are not,

however, suffici ently complete to determine with certainty whether his

rods are formed by the combined products of the pigmented and eol-

orless cells
,

or whether both bodies produce comparatively indepen-

dent structures, as in Haliotis.

The researches of Sdiroth (30), are drawn out to an interminable

length, and are accompanied by numerous care fui drawings of histo-

logical rubbish ,
from which he has been unable to culi any new facts

1 Up to this date the knowledge recorded eoncerning the structure of the

retina is of such a rudimentary nature, that it will not be necessary for us to

consider it.
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or ideas, and indeed has failed to see wliat was so clearly poiuted out

for him in the much earlier work of Babuchin. In some inexplicable

manner, he has attributed the omnipresent »Plättchenstructur« to the

b odi es of the colorless cells, while he has entìrely overlooked the rods

themselves.

Fkaisse (36) considered that the colorless cells from the eyes of

Patella and Fissurella (he failed to recognize theni in Haliotìs) act as

Supports for the pigmented cells ; he also sees in them the organs which

scerete the vitreous body and leus. This idea has taken firm root in the

minds of subsequent authors, who bave compared them with the gland

cells found generally distributed in the Molluscan hypodermis. More

recently, hoAvever, Hilger (40) has recognized that they play an impor-

tant part in the formatiou of the rods.

That the colorless cells are something more than mere gland cells

is sufficiently proved bythe complex structure which I bave shown that

they possess, and the homology that may be pointed out between them

and cells which uudoubtedly play the most important roll in the more

highly developed eyes of Arca and Pecten. Fkaisse noticed the fibres

in the lens, as he called it, and although, at first, he is in doubt whether

to cali them rods, he finally concludes that, in ali probability, they are

artificially produced by the coagulation of the lens. He believes,

moreover, that the lens is first secreted by the support cells, and after

it has gained a sufficient size the vitreous body is produced. It seems

to me that he has reversed the order, and that the lens is simply a part

of the vitreous body hardened by exposure to the water, as in Haliotìs,

or by coagulation, as in the closed eyes of Fissurella.

I, however, agree with him in considering the lens and vitreous

body as cuticular structures, but cannot consider, as he do es, that they

are secreted by the colorless cells alone; the cuticular substance Is

rather a modification of the walls of both pigmented and colorless cells,

and shows various degrees of density and of vitality, according as it is

more or less intimately connected with the cells to which it owes its

origin.

The »Stübcheuzellen« of Carrière are so named because they

contaiu a colorless axis surrounded by pigment ; the former he calls the

rod, and the pigment cells, the rod cells, which he cousiders to be uu-

doubtedly the essential Clements of the retina. He adopts Fraisses

terminology, and considers with him that the colorless cells are scerete

cells, homologous with those large gland cells found in the general

hypodermis. The retinidial layer, he has overlooked, having confused
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it witli the vitreous body. His conception of an eye must be something

altogether iinique. for, after having described. in the eyes of Patella,

the vods. which he erroueously considers as a vitreous body, aud the re-

tineum. —having the same structure as in other Mollusca, —he in-

forms US that the orgau in question is no eye at all, but simply a pig-

meuted hollow in the epidcrmis! Then, immediately afterwards, he

speaks of the pigmented cells as »Siuneszellen« or ))Sehzellen«, and

considers the thickened cuticula, secreted by the colorless cells, as

being speeially adapted to protect the very delicate ends of the rods.

Weshould be pleased to know what a pigmented hollow, provided with

a true retina, and containing delicate seeing cells, is, if it is not an eye.

He evidently considers that these organs have too large an openiug to

be entitled to be called eyes, for he does not hesitate to apply that

name to an exactly similar structure ìnHaliotis, the opening of which is

of more modest dimensions I In the latter genus, he has mistaken the

retinidial layer for the vitreous body, which, in his preparations, seems

to have entirely disappeared, with the exception of the lens-like

thickening covering the opening of the optic cup. The colorless Cle-

ments are not secrete-cells , neither do the pigment cells contain any

colorless axis which, when continued beyond the limits of the pigment,

forms the rods. The fibres, supposed to be secreted by the colorless

cells ,
instead of being simply formless cuticular secretions to be

transformed into the vitreous body, are rods, similar to those of

the pigment cells, and supplied in the same manner with nerve

fibres.

HiLGER. who has recently made a valuable contribution to our

knowledge of the retina in various forms of Mollusca, has found that

the colorless cells are generally, aud probably universally present in the

retineal layer. He has abandoned the old method of considering them

as scerete, or support cells, and, recognizing the part they play in the

construction of the rods, calls them the rod cells, although it is difficult

to understand why, for, according to his figures, they contribute much
less thau the pigment cells to the composition of the rods. He has con-

sidered the retina oiHaliotis in less detail than that of other forms with

which I am unacquainted. I believe , however
, that he is wroug in

supposing that the rods of the severa! pigment cells , surroundiug the

Prolongation of a central colorless one, unite to form a single rod. It

seems to me much more probable that the same condition, —similar to

that found in Haliotis, as regards the structure of the retinidial

layer, —prevails throughout all the Mollusca with equally simple
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forms of eyes: or, in other words. that the pigmeuted, as well as the

eolorless eells produce independeut rods, whose nerve fibres unite to

form one complex retinidial layer. His so-called »Stäbehenmantel« is

eomposed of the rods of the pigment eells, while the axial portion is the

rod of the eolorless one. It is true, that the rods in the eye of Haliotis

do not seem to have reached a very high degree of specializatiou , as

compared with those of Fissurella and Helix, but this is a difference in

degree not in kind; moreover it would be impossible to compare a rod,

as described by Hilger, with any similar structure known. The sharp,

diagrammatic outlines with which he separates the rods suggest that

possibly the material was not prepared in the best manner. Heis surely

in error in saying that the pigment eells end in one or more nerve fibres,

since they end abruptly in root-like fibres ,
resting upon the connec-

tive tissue membrane. The incorrectncss of his conception ,
that the

rods are formed by the united activities of the eolorless and pigmented

eells. is proved by the difficulties he encounters in attempting to com-

pare these rods with those of Heteropods, as described by Schultze :

for in the latter case, they are formed simply by the retinophorae, the

central nerve fibre of which constitutes the so-called axis of the rod;

while in the former iustance , the axis is not a single fibre , but the

double rod of the retinophorae, the sheath beiug formed by the rods of

the pigment eells; therefore, in the Heteropods, it is evident that the

rods of the pigment eells have entirely disappeared, while those of the

double eolorless ones with the central nerve fibre, have increased pro-

portionately. Wehave an exactly parallel case occurring in a single

genus of Molluscs; for in Area the optic cups contain a retinidial layer,

in which the rods of the pigment eells and the retinophorae play a

nearly equal part
,

while , by a graduai series of transformations that

may be foUowed step by Step, a much higher type of visual organs

is produced
,

in which the rods of the retinophorae, —or eolorless

eells, —are alone functioual, while the pigmented ones have become

subordinated to secondary purposes. It appears, from the description

given by Hensen of Pterotrachea, that the pigmented eells may be di-

vided into two rows, as in the faceted eyes oi Area. It seems, there-

fore, that in the majority of Gasteropods, essentially the same cou-

dition fouud in Haliotis prevails in the structure of the retinidial layer,

to which the pigmented, as well as the eolorless eells contribute their

more or less independent rods. In Haliotis. the ultimate fibrils of the

retina terminalia have assumed no special direction; this, I be-

lieve, may be accouuted for by the faet that no definite relation exists
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between tlie course of the rocls. arrauged radiately aroiuid the wall of

the optic cup, and the direction of the rays of lig-ht cutering- it. In the

simpler forms of MoUusean eyes, the relation existing between the

rods of the pig-meuted and colorless cells has not been determined,

uor. whether. as I believe. the ultimate fibrillae of the rods assume a

direction more and more at right angles to the rays of lig-ht which

impinge upou them. It is, however, certain that in those more com-

plex eyes. in which the amount and direction of light is regulated by

accessory organs. as in Pcctcn, Heteropods and Cephalopods, the rods

are best developed at that point where the greatest uumber of nearly

parallel rays impinge upon the retina, and, also, that in these very

rods the transverse fibrillae attain the most perfect uniformity of direc-

tion. In Proportion as the accessory organs become more and more

complete, and consequently the functional power of the eyes, the

greater advantages possessed by the double rods and their centrai

fibres for uniform and economie distribution of parallel, transverse

fibres , are scized upon, and, in proportion as the double rods become

more and more developed , those of the pigment cells decrease and

finally disappear. Consequently one finds that, in the most speciali zed

eyes, only the true retinophorae bave retained their rods in which

the distribution of the transverse fibrillae has reached the highest

perfection.

BüTSCHLi 41) finds reason to believe that the colorless cells are

the essential ones, and heuce doubts Grenacher's assertion that the

colorless cells or »Limitanszellen« of the Cephalopod eye are not sen-

sitive to light, and he would compare them with the colorless, sensitive

cells in Gasteropods^ The reasoning is most fallaceous. It is perfectly

well shown by the very article which he is discussing (Hilger's),

that the pigmented, as well as the colorless cells contribute to form

the rods, which are the homologues of the similarly named structures in

ali other eyes. It is equally evident that the so-called rods , and the

cells which bear them, are the essential elements of the retina ; hence

it iollows that the presence or absence of pigment canuot, in this case,

serve at ali as a criterion. Therefore, in attempting to discover the

homology between the retinal elements of Cephalopods and Gastero-

' It does not appear as certain as it might, that the »Limitanszeilen« do not

contain anj' pigment. It would not be very surprising if the so-called »Sockel« of

the retinal cells should turn outto be composed of several minute, pigment-bearing

cells, and that the retinophorae, or retinal cells, were entirely colorless.
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pods, it is simply necessary to kuow what are the rods, and by what

cells they are prodiiced, whether by tbe pigmeuted, or eolorless ones, or

by both. The presence or absence of pigment is a factor altogether toc

iincertain to be, alone, of any value ; for, as I have shown in Haliotis, the

double cells, or those which are nsually eolorless, may sometimes con-

tain a small quantity of pigment, while in Pecten both elements are

perfeetly devoid of pigment. Still auother factor must not be ne-

glected, and that is that in the Cephalopods the pigment between the

rods and aronnd their axial nerve fibre is something entirely nnique.

The presence of pigment aronnd the axial nerve fibre is of great theo-

retical importance, for, if pigment may be produced by a nerve fibre

within the rod , there is no reason why the externa! fibres of the rod,

arising from the limiting or ganglionic cells, may not also produce pig-

ment. Moreover, the manner in which the axial nerve is protected from

the light proves that it cannot be the percipient dement, while, on the

other band, the access of light to the walls of the rods containiug the

retinidial cross fibrillae shows that there
, as in other Mollusca, is the

true seat of the light-sensitive elements.

Grenacher (39) inconsistently speaks of the half of each rod as a

rhabdomere, which, according to bis definition, should be the product of

a single cell. The so-called rhabdoms found by Grenacher in the Ce-

phalopods bave absolutely no morphological signification. They are

simply due to a deceptive, but economic arrangement, so that the broad

sides of four different rods are adj acent to each other. The integrity

of the individuai rods, which are similar to those of Pecten^ is in

no wise aifected by this arrangement. It is impossible to find any

points of resemblance between such a rhabdom and that of any

other animai. He has hastened to apply bis name rhabdom to

these accidental groups of rods, regardless of the consequences. When
a person applies terms, necessarily restricted in meaning, to widely

difierent objects, oue is led to believe that there must be some resem-

blance between the objects in question, and possibly some morpho-

logical relationship. But in the present case (p. 251), he is neither

able to find any resemblance between bis rhabdoms in Cephalopods

and Arthropods, nor is he willing to admit that any morphological

value could be attached to such a resemblance, provided it existed.

Without further discussion of the views either of Grenacher or of

BüTSCHLi, I may be permitted to draw comparisons between the retina

of Cephalopods and that of other Mollusca, based upon my own re-

searches. The whole question hinges upon the nature of the so-called
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»retinal cells«. They are homologous witb the retinophorae of Pecien

and other Mollusca (the colorless cells of Gasteropod eyes); this is suffi-

ciently well showu by the presence of the axial nerve fibre, and the

double nature of the rods. It should also be indicated by the presence

of two nuclei, one of which Grenacher has probably overlooked. The

jiLimitanszellen« are ganglionic cells exactly similar to, and homo-

logous with. the ganglionic cells, especially those of the inner layer, of

the eye oiPecten. Consequently they represent modified pigment cells of

the hypodermis, and are homologous with the retinulae of the Gastero-

pod ommatidia. Their prolongations form the external, nervous net-

work of the rode. The limiting membrane corresponds with the corneal

layer of the cuticula, and probably protects loops of the axial fibre,

similar to those of Pecten.

Chapter II. Crustacea and Insects.

Penaeus.

The great Impetus that modern Zoological science has re-

ceived from comparative anatomy, has not been due so much to more

subtle or able comparisous, as to a more perfect knowledge of the struc-

ture of single forms. It would not be too much to say that a perfect ac-

quaintance vsdth the anatomy of a single, typical Arthropod eye, with its

various stages of structural and functional development, would furnish

US vsäth a key to many of the most difficult problems concerning the

comparative anatomy and phylogenetic development of the visual

Organs, not only in Arthropods, but in other Invertebrates, as well as

Vertebrates. In proportion as our knowledge of individuai forms is

less perfect, or built upon false foundations, so will our deduction

from these false premisses not merely be wrong in the same proportion,

but exaggerated a thousand fold with every step, and finally entangle

US in such a labyrinth of false deductions, that future progress would

be well nigh impossible. We must expect a certain amount of struc-

tural uniformity in those organs which have to carry, by the same

means, the same forms of energy to similar perceptive centres, and that

the greatest uniformity should prevali in the most essential parts. My
studies upon the nerve endings in the Mollusca have induced me to

believe that a uniformity of structure prevails in the essential Clements

Mittheilungeii a. d. Zoolog. Station zu Neapel. Bd. VI. 42
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of all eyes. How far that has proved true will be seen in the foUow-

ing pages. A mere accident led me to choose Arthropods as most

convenient for testing this supposition. I eutered upon this subject

with that respect for the researches of Grenacher (which have been

so steadily gaining in general acceptancy since their publicatiou) that

one must feel for honest work, whenever brought in contact with it.

But my first observations , conducted under other methods. raised

suspicious that, at least in that case, Grenacher's explanations would

not work, and against my desire I was drawn away from my in-

tended course into a boundless field of Observation, with the feeling

that neither time, nor existing circumstances, would allow me to

treat the subject in a satisfactory manner. The evidence against

Grenacher's theory appeared so over-whelmiug, that I could not resist

the temptation of making a few observations, with the double objeet

of testing my own conception of the structure of the ommatidia, and

of studying the nerve endings there. The limits of this paper would

not allow me to carry my observations any farther in this direction,

but I hope in the near future to extend them, in order, if possible, to

clear up many difficulties, which I am at present unable to explain.

They are difficulties, however, which lie in those places where the

least satisfactory work has been done , and it is not improbable that

they too will disappear, as I have seen others do, upon a more careful

study. The favorable conditions, offeredby the eyes oi Peìiaeus^ have

been utilized in order to obtain as complete a knowledge as possible

of one form, which might then serve as a type for comparison with the

eyes of other genera.

In Penaeus^ the cornea is divided into Square faeets, the outer

surfaces of which show mere traces of convexity. Beneath a thin, struc-

tureless and refractive, outer layer, is a thicker, less dense, and lamin-

ated one (PI. 31 , fig. 69 c^). Below the cornea is a thin, continuous

layer —the corneal hypodermis —to which the corneal cuticula

owes its origin. Each facet rests upon two flattened, oblong cells, reduc-

ed in the centre to a delicate membrane. In the thickened, abaxial

edges, are the faint, ovai nuclei, so arranged that those of the adjacent

faeets are situated near each other , on either side of the dividing line

(PI. 31, figs. 69 and 76). It is not difficult to obtain examples in which

the entire ommatidial hypodermis has been removed, leaving the cor-

neal layer intact, so that the number and arrangement of the nuclei,

as shown in fig. 76, and the median di vision between the two cells

may be easily observed. The delicate outlines of these very thin cells,
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filledwith granular protoplasm, arevisible by contrast with the structure-

less, underlyiug- cuticula. The divisiou between each pair of cells is

only indicated by a very faint line, vvhile the cells belonging to ueigh-

boring facets are separated from each other by a clear , narrow

spaee. In the centre of each facet, is a dark spot, or Impression, from

which a fine chitinous-like fibre often projects (tìg. 75 x). One might

easily overlook the nuclei of the cuticular cells . as they do not absorb

coloring fluids to any great extent, neither have they a high index

of refraction. They are usually ovai, and perfectly homogeneous, often

showing no trace whatever of that granular structure so characteristic

of nuclei in general ; but occasionally they are granular , and stain so

deeply that there can be no doubt of their nuclear nature. By boiling

a piece of the cuticula a short time in caustic potash, ali the less resis-

tant parts are dissolved , and the corneal facets alone left intact , their

dark boundary lines being widened at the corners to form figures like

those represented in the piate (fig. 75 d.f.) . In the centre of each facet, is

a small , round Impression , usually the most striking one , while in the

middle of each side, are similar markings looking like the ends of fine

fibres , or the impressions where fibres had been attached. A series of

extraordinarily faint, parallel lìnes, coinciding with the divisionsbetvreen

two corneal cells, separates each facet into halves. The impressions

(fig. 75 y) indicate where the outer ends of the ommatidial cells were

attached to the corneal membrane, which has at those points fused

with the cuticula, upon which impressions of the ommatidial cells are

thus produced , or fragments of their outer ends left hanging. When
the treatment with caustic potash has beencarried to excess, ali mark-

ings disappear, except the contours of the facets.

Beneath the corneal celi layer is the infinitely thicker, ommateal
hypodermis, composed of numerous ommatidia corresponding in

number with the corneal facets. Each ommatidium consists of a

conical group of 19 or 20 very long cells, each one of which
extends from the corneal hypodermis to the basai mem-
brane. They are arranged in four circles around a centrai axis,

ali the nuclei of each group being placed at the same niveau, in

speeially enlarged or pigmented portions, thus forming as many zones,

at varying heights. as there are circles of cells. The innermost

group consists of four colorless cells —the retinophorae —united

to form au inverted pyramid, whose base abuts against the corneal

hypodermis, while the apex rests upon the basai membrane. The

bases of the pyramids are Square , but
,

passing inward , the corners

42*
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become bevelled, thus giving to a cross section an octagonal outline

(figs. 79 and 80). Stili farther inward, the comers are rounded, giving

rise to a tube, decreasing in diameter towards the inner end until it is

reduced to a slender, hollow stalk —the style —which, enlarging

rapidly, becomes transformed into a solid, pyramidal thiekening —the

pedicel ; the latter rests upon the basai membrane by a delicate stalk,

divided at its inner extremity into three legs, formed by the diverg-

ing ends of the four retinophorae , tv/o of which bave united. The

rounded, outer ends of the retinophorae are provided with peculiar,

protoplasmic thickenings in which the nuclei are situated (fìg. 69

n.rf). They may be seen in cross sections, but more easily in

macerated pieces of cornea to which the ends of the retinophorae,

with their nuclei, remain attached. The latter are coarsely granular,

ovai bodies in which there are vacuoles, often so large as to trans-

form the nucleus into a mere shell (fig. 76). In these preparations,

one finds an instructive variety of figures, giving an accurate idea of

the relation of the various parts. When most of the celi substance has

been removed, it is easy to see the four nuclei of the retinophorae,

located at the four corners of the Square, together with the two smaller

nuclei of the corneal cells, situated at its sides (fìg. 76). The protoplasm

is often torn away from the centre of the Square, leaving an irregulär,

round space of varying dimensions, from the middle of which projects

quite a large fibre, often surrounded by a group of smaller ones

(fig. 76).

Below the nuclei, the cells are filled with a mass of less consistent,

finely granular protoplasm; then follow the conical, four cornered crys-

talline cones which are nearly half as long as the ommatidia them-

selves (fig. 73 ce). Each cene forms a Square pyramid, the four

quarters being produced by the thickened, axial walls of the retino-

phorae. Its outer end is quite finn and consistent, and is composed of

a refraetive, nearly homogeneous substance, which, towards the inner

end, becomes softer and more granular, having at the apex a tendency

to break up into fragments. Its diameter is only a trifle smaller than

that of the calyx , which it almost completely fills , and with whose

abaxial walls its faces are nearly parallel. Nearer the centre of the

eye, almost at the inner end of the crystalline cone, the opposite

halves of the calycal wall develop sickle-shaped, granular thickenings,

which increase in size as the diameter of the retinophorae dim-

inishes, so that the enclosed space becomes, at first, ovai and, finally,

round (figs. 80, 81 and 82 x). The narrowing apex of the pyramid,



Eyes of Mollusca and Arthropods. 629

formed by the tour rctiuophorae, is tinally rcduced to a slender, tube-

like stalk, or style, st.: during this process, the granular thicken-

ings become again reduced to thin, structureless walls, which,

farther on, are supplied with four, minute and refractive, inner ridges

(figs. 81 —84 , As we progress still farther towards the basal mem-
brane, the tube becomes square , the four ridges having developed into

four rectaugular thickenings, whieh nearly fili the central canal (fig. 84).

Still the changes are not completed, for, farther on, the Square tube

becomes transfonned into an oval one; two of the ridges at the ends of

the small diameter constantly decrease in thickness, until that part of

the wall is reduced to a thin membrane, while the remainder, surround-

ing the uow circular opening, retains its original thickness (figs. 85

—

88). After a slight, final change, by which the tube with its central canal

is increased in diameter, we bave reached that expanded solid portion,

or pedicel, usually spoken of as the rhabdom (figs. 93 and 72 /></.).

The axial walls, in the middle of the four retinophorae, have dis-

appeared: while the abaxial ones, having so completely fused with

each other as to leave no trace of a former division, form a slender

tube, the style.

In the pedicel, the abaxial walls have become so thick as to entirely

obliterate the central canal, while the divisions between the four

componeut segments are again visible (figs. 93—95). The base of the

style expands suddenly, but gracefully, into the large, pyramidal, outer

end of the pedicel, which , continued inward as a gradually narrowing

oblong column, contracts, shortly before reaching the basal membrane,

into the smaller, inverted pyramid, whose apex is drawn out into an

extremely slender stalk (fig. 72 si.pcl). Near the basal membrane,

the latter diverges into three legs composed of the attenuated, inner ends

of the four retinophorae, two of which have united with each other,

Each leg of the stalk is divided at its inner end into several

fibres by which it is united to the basal membrane (figs. 72 and

108). This fact is of great importance, for it proves that the segments

of the so-called rhabdom of Grenacher are not secretions of

the retinulae, but the inner ends of the retinophorae (or crys-

talline cone cells of Grenacher), which terminate in the same root-

like fibres, seen in nearly all hypodermic cells.

The complicated structure of the pe die eis oulybecame intelligible

to me after the study of wax figures , which I was obliged to construct,

provided with lines similar to those of the pedicels, and which were
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eombined with eaeh other, until imaginary sectìons gave approximately

the same figures seen in actual cross sections of the pedieels.

The pedicel is a columnar, hyaline body, capped at each end with

a pyramid. Just before the style is transformed iiito the pedicel, it is

seen to be composed of a niimber of pieces which gradually grow shorter

and shorter, until they are converted into a number of very thin plates

constituting the outer pyramid of the pedicel. The plates, however,

again increase in thickness. until, at the opposite end, they are again

converted into blocks, 10 or 12 times as thick as the outer lamellae

(figs. 72 and 74). The pedicel is oblong in section, and for convenience

we shall speak of the long and short diameters as the p rimar y and

seconda ry axes, and the line coincìding with the axial nerve as the

median , or optic axis, either of the pedicel, or ommatidium. The

plates are of two kinds, alternating with each other: primary oues,

composed of fibres , or marked with lines parallel to the primary, or

long axis; and secondary plates of the same composition, but with the

lines at right angles to those of the first, or parallel to the secondary

axis.

The primary plates are lamellae which bave been reduced to thin

membranes along the secondary axis , while the two extremities bave

been transformed into ovai, or diamond-shaped figures, the short diam-

eters of which are equal to the originai thickness of the piate (fig. 103).

The secondary plates are lamellae which retain their originai thick-

ness along the secondary axis, as well as along the faces forming the

broad wall of the pedicel , while the ends are hollowed to receive the

ovai ends of the primary plates (fig. 104:.

In a median longitudinal section (fig. 72) , it will be seen that

both kinds of plates are thinnest and most numerous at the outer end

of the pedicel; toward the inner end, however, they increase in thick-

ness, especially the secondary ones. The latter. figs. 104 and 105, may
be regarded as compound, each one being composed of eight pieces.

The zigzag line divides the piate into two, while the two double

wedges of each half are again divided, by a horizontal plane passing

through the middle of each piate, into four pieces.

I am inclined to think that, in the living condition, these plates

form sharp-lined and geometrical figfires, but in sections, or macerated

preparations, they are usually somewhat rounded.

Each one of the primary plates is, at one end, indented by a fold of

the scalloped retinula (figs. 72 and 93, ì).

Surrounding the retinophorae, are seven, oddly shaped retinulae,
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four of which are nearly black , while the remaining three are filled

with light brown pigment. They attain their greatest size at the base

of the style, where the nearly spherical nuclei are situateci. The inner

ends are redueed to narrow bands, closely applied to, and surrounding,

in irregulär order, the pedicel. The nuclei, and consequently the most

expanded parts of the cells, are situated at different levels so that, in a

series of cross sections. one first sees, in the outer ones, the nuclei of

the three brown pigment cells, all placed on one side of the style, the

nuclei of the large median cell being the first to appear (figs. 74. 89

and 90). These three cells /, 2, 3) then become greatly redueed in size,

while the outer ends of the two black ones (*5, 7) gain the ascendency
;

their axial walls are compressed to thin edges resting upon the style,

while, near the expanded abaxial faces, are situated the nuclei (figs. 91

and 92). In the next sections, cells (^> and 7) have nearly disappeared and

the nuclei of the similarly shaped ones (5 and 7] appear (fig. 92). The re-

lation of these cells is represented in a somewhat diagrammatic way in

fig. 74.

In the following sections, the uniformity in size and pigmentation

of the cells becomes gradually established, but they may still be easily

recognized by their arrangement. In nearly all the figures,consecutive sec-

tions of the ommatidia, as well as of the same cells, are placed in the

same direction, and uniformly lettered. In the largest portion of the pedi-

cels (which are much more closely arranged than is represented in

fig. 93), one may occasionally notice that the three cells of one half of

the pedicel are thinner and contain less pigment, than the four of the

other half. The arrangement shown in fig. 93 is very Constant and

characteristic, deviations from it being rare and of little importance.

In following the sections still farther towards the basal membrane, the

pedicel is seen to be less oblong and finally nearly round, while the re-

tinulae, which have become proportionally larger, still alford the means

of determining, by their shape and arrangement, the direction of the

secondary axes of the pedicel (figs. 93—96). The latter is finally re-

dueed to an extremely fine, and almost indistinguishable, central chord,

completely enveloped in the seven retinulae, which, in the following

sections, combine to form a butterfly-shaped figure, where the four

black cells form the wings, and the other three, the body and tail (figs.

99—100) . The median one (figs. 97—100, 1), at this poiut, much exceeds

its two neighboring cells in size, a fact which, later on, furnishes us

with the means of determining their arrangement upon the basal mem-
brane.
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The outer parts of the retinulae seem to terminate with the knob-

like swellings containing- the nuclei; but this Ì8, in reality, not so, for

they are continued outwards as extremely delicate membranes, similar

to those already described for the retinulae of Arca. At the base of the

style, and especially at that point where it becomes continuous with

the pedicel, the membrane is so closely applied to the former that it is

with difficulty observed (figs. 83 and 84) : but farther toward the ex-

terior, the united terminal membranes of each group of retinulae form

a delicate sh ea th loosely surrounding the style, from which it is often

separated by a clear and narrow area. As the styles expand iuto the

closely packed, octagonal calyces, it is no longer possible to distinguish

the she ath, between the adjacent walls of the former, which are so

closely placed that their walls bave apparently fused to form one line.

But the smaller faces of the calyces enclose quadrilateral areas, left

for the passage of other elements , and in each of them a delicate

membranous tube may he distinguished (figs. 79 —81 rt.s.).

From theoretical considerations, it is probable that contiuuations

of the membrane exist between the walls of the calyces, but are in-

visible for reasons already suggested. It is also probable that the sac-

like membrane, in the open Spaces between the calyces, is formed by

the fusionof parts of four adjacent sheaths, producing the

closed tubes seen in cross section (figs. 79—81), and which would, ac-

cordingly, consist of parts of the terminal membranes of seven retinu-

lae, belonging to four dififerent ommatidia. This fact will become more

intelligible when we consider the outer ends of the membranes and their

arrangement around the ommatidia.

Just beneath the inner edge of the pigmented band (fig. 69 pg.c),

the Square spaces bave attained their greatest size, and it is bere that

the circular membrane is most clearl}^ seen (fig. 79 7-(.s.) ; beyond this

point, towards the exterior, the spaces become completely filled with

the pigmented cells , and it is then a matter of the greatest difficulty

to distinguish the membranous sheath in cross section. In the following

sections, through that part of the ommatidium between the pigmented

band and the corneal facets, the sheath may once more be distinguished,

in the same form as before. Drawings of the sections bave not been

given, since the relation of the parts is sufficiently well represented in

those macerated specimens, in which the outer ends of the retinophorae

and various portions of the surrounding pigment cells, as well as the

sheath of the calyx, remain attached to the inner surface of the cornea

(figs. 76 and 77). In such preparations, ali combinations of the above
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mcntioned parts, in various degrees of clearness, are to be found, and

by studying them. one may arrive at a tolerably complete coneeption

of the existing eonditions. In tig. 7ü, is represented a surface view of

the corueal facets with the hypodermis and inner euds of the onima-

tidia still attached. Those portions of the calycal sheath which, by

the fusion of corresponding parts from adjacent ommatidia, form the

membranous tubes at the corners of the Squares (fig. 76 rt.s.) —are

exactly similar to those seen in the deeper parts of the eye. Here we

have the evidence for the above made assertion that each tube is com-

posed of parts of the membranous ends of seven retinulae belonging to

four different ommatidia ; for one may see that, as the tube approa-

ehes the facets, its walls thicken, and, when it finally abuts against the

eorneal membrane, are resolved into seven hyaline thickeuings, so ar-

rauged as to form the regulär, four-armed figures shown in the drawing

(fig.76,/andtig.77]. Bycareful examination of manyspeeimens, someof

which have been treated with caustic potash, a series of forms may be

found, varying from those in which the tubulär membrane projects some

distance away from the cornea, to those having four arms extendingout-

wards as thin membranes (fig. 77 rt.s.), and still others, in which these

radiating membranes have become so extended as to be continuous with

corresponding ones from adjacent tubes. In those treated with caustic

potash, all the more delicate membranes are dissolved, their thickened

extremities alone remaining. One then sees that the centre of the tubes

is reduced to a small opening, while each of the radiating membranes

has resolved itself into two, doubly wedge-shaped thickenings, seven

or eight of which are arranged (fig. 77 IV) around a point which lies

directly beneath a place where the corners of four adjacent facets touch

each other. Of these eight radiating thickenings, two in each group al-

ways face the same Square, and —since they unite with those forming

the remaining sides of the same —the centrai retinophorae are com-

pletely and immediately surrounded by the outer ends of the retinulae

,

1—7, thus justifying our conclusion that, morphologically, the latter are

the most intimately connected with the retinophorae. It has been said

that the ends of seven retinulae constitute one of the four-armed figures

described above, and, if this is so, it is evident that one of the pairs, and

in fact a pair separated by an open angle (as e. g. s' and s^^ //; fig. 77)^

must be formed, not by two pieces, but by one only. Although it is not

difficult under favorable circumstances to observe the dividing spaces

between the segments, yet it is by no means easy to determine

satisfactorily, whether two of the pieces in each group are fused to
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form one, as necessarily should be the case provided these figures

are formed by the ends of seven retinulae. There is, however, one

other supposition possible, and that is that the median, scalloped re-

tinula [1] is really a double cell, a not improbable condition wheu we
consider its large size, its median position compared with the paired

arrangement of the two opposite ones, and its peculiar shape, which

probably is connected with the performance of some special function

differing from that of the other retinulae, This supposition would be

changed almost to a certainty, if it could be shown that for each om-

matidium, there were eight Segments in the tubes instead of seven. But

as I have Said the difficulties in the way of accurate Observation were

too great for the decision of this question.

The seven retinulae surrounding the pedicel are divided into two

groups composed of four black and three brown cells. The median one

of the three latter is remarkable on account of its greater size, and pe-

culiar shape. At the beginning of the laminated structure of the pedicel,

the axial wall of this cell becomes scalloped, each fold projecting into

the end of a primary piate (fig. 72). I can form no conjecture as to the

meaning of this remarkable structure. If my memory does not fail me,

the same condition prevails in Galathea. The structure was then un-

known to me, and I failed to give sufficient attention to, or to make

a note of it.

The pigmented c oliar of the retinophorae is formed by a third

circle of four cells arranged in two pairs, the darker ones forming

the inner, and the lighter ones the outer circle of the collar. Each one

of the inner cells is triangulär in shape, the apex being directed out-

wards, and the thickened base inwards. Both halves of the cell are

likewise triangulär, but lie in planes at right angles to each other, the

line of union being thickened to form a deeply pigmented ridge (fig. 69),

smallest anteriorly, and increasing in size posteriorly, until it is con-

tinued beyond the base of the cell as a pigmented rod (fig. 78), which,

after losing its pigment, is continued still farther inward, to the basal

membrane, as a slender, colorless rod, or bacillus (figs. 79—100, bc).

In cross sections of the collar, the halves of the pigment cells are seen

to diminish in thickness at their edges, so that at the intermediate Cor-

ners there is hardly any pigment at all ; but the calyces are so closely

packed that the thickest part of one pigment cell lies against the thinnest

part of the other, the result being that each calyx seems to be sur-

rounded by a uniformly thick band of pigment, which is better devel-

oped toward the inner edge of the collar than in the opposite direction.

i
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The outer circle of collar cells has the same shape as the inner, but its

arrangement is difterent, siuce here the bases and thickest parts of the

triangles are turned outwards instead of inwards (fig. 69). The four

cells of the collar are so arranged that the triangulär Spaces, left be-

tween the two inner cells, are exactly filled by the two outer ones, thus

forming a continuous. pigmented band around the calyx. The outer

edges of the cells eontain. instead of pigment, a mass of refractive gran-

ules, which in transmitted light appear nearly colorless, but in re-

flected light are of a faint yellowish-white color, and perfectly opaque.

The granules produce the same effect as those to be described in the

cells at the bases of the ommatidia.

The collar cells are continued, as four delicate fibres, outwards to

the surface of the ommatidium where they produce four minute impres-

sions at each corner of a corneal facet, or, in case the ends of the retin-

ulae have remained undisturbed, they are seen as four fibres in the

centre of each tube (fig. 76). It may be well to call attention here to

the uncertainty of obtaining these impressions, for in many instances,

I have seen no trace of them; this is due, I think, to the fact that the

inner chitinous layer of which the cornea is composed may be removed,

and, consequently, all trace of the delicate impressions be lost. In cross

section through any part of the calyx, the bacilli of the collar cells,

of which those belonging to the inner row are the largest, may con-

stantly be seen at their respective corners (fig. 79

—

8ibc.)
, an arrange-

ment maintained as far as the oiiter ends of the style, when the smaller

bacilli gradually change their position until each is united with one of

the larger ones, which have meantime retained the same direction, in

Order to form two pairs, one on each side of the style (figs. 81 and 82).

On the level of the calyces, the bacilli are situated within the mem-
branous tubes formed by the ends of the retinulae (fig. 71

—

8t). In

passing between the pedicels, they are continued along the median line

of their broader sides, between the paired lateral cells {2, 4 and 5, 5).

Just before the basal membrane is reached, the two pairs of bacilli

approach each other at that side of the pedicel opposite the median,

scalloped cell , and there become fastened to the diagonal bar of the

basal membrane Squares, by means of the characteristic, root-like fibres

(figs. 99, 101 and 11 Je' and hc^) . A much better idea of the bacilli, or

cell stalks (which only differ in the amount of development from those

of the outer row of cover cells in Area, or the inner ends of the pigment

cells in the retina ofi?a/eo^e5Ì, maybeobtainedby studying macerate dpre-

parations, in which the entire bacilli are isolated. In such cases they are



636 William Patten

Seen to be elongated, hyaline fibres, with node-like swellings at

various intervals (fig. 111). These bacilli, uuless the position and

arrangement had been accurately determined , might be mistaken for

the so-called rhabdom of Grenacher, for which in the present instance

we have absolutely no equivalent. That no doubt as to the nature of

the roda can for a moment be entertained. is shown by their root-like,

characteristic ends, and the ease with which , in cross, or longitudinal

sections, as well as in macerated preparations', one may demonstrate

their continuity with the pigment cells at the outer ends of the ommatidia.

Moreover the size of these rods is so great that they form one of the most

prominent, as well as easily understood objects in macerated prepara-

tions ; they furnish us with a striking proof of the accuracy of previous

studies upon this subject, which have failed to reveal the presence of

such prominent and simple structures ! This cannot be due to a diffe-

rence in the species studied since, in all other Crustacea, as well as in

several types of Insect eyes, I have fouud that the bacilli play an

equally important part.

In the Spaces between the diminished inner ends of the ommatidia,

is a third group of cells, the boundaries of which cannot be distin-

guished, and therefore it is difficult to determine the number belouging

to each ommatidium. The nuclei are arranged at various niveaux around

the inner ends of the pedieels, seldom far removed from the basal mem-
brane (fig. 73 y). The protoplasm of these cells forms a thick sheath

around the inner ends of the retiuulae, andcompletelyfillstheintervening

Spaces. These cells contain a mass of yellowish, fat-like crystals which,

by reflected light, appear perfectly white and opaque, forming, along

the inner surface of the ommateum, a narrow and intensely white band,

perfectly visible to the naked eye. The crystals, which are very simi-

lar to those formed by certain fats
,

are insoluble in absolute alcohol,

clove oil, creosote, Chloroform, or ether. But a very dilute solution

of caustic potash dissolves them at once, with the formation of a purple
Solution. I thought, at first, that the color carne from dissolved pigment,

but soon found that that was not the case, for, after a short time, it was
noticed that the formation of the purple solution , instantly produced

by the addition of very weak caustic potash , issued only from those

parts where the crystals were situated, and further, that in a short time

ali the white crystals had disappeared , while the pigment remained

unaffected. Moreover the latter was only dissolved by subsequent treat-

ment with much stronger caustic potash, then produeing a brown, instead

of a purple solution. As already remarked , there is a smaller deposit
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of similar crystals in the outer ring of the pigmented collar of the calyx.

Onobserving these crystals imder the mieroscope, lunconsciously recalled

tomind similar crystals, so commonly found in embryo insects, and which

in Blatta I eonsidered to be crystals of urie acid. Whether there is

more than a superticial resemblance between the two substances or not,

I was unable to determine. When treated with caustic potash, one often

sees, in the Spaces between adjacent corneal facets, four groups of

fibres, or impressions of the same (fig.Töy). They are probably the outer

ends of the basal cells just described
, although I have been unable to

trace any connection between the structures in question. This supposi-

tion, if correct. would tix the number of these cells at four, a number

which agrees very well with that which appears to be present.

The basal membrane in Penaeus has reached an extremely

high stage of complication , and supplies us with facts which lead to

very valuable results; at the same time, it may serve as a type, from

which similar structures in other genera will probably not vary greatly.

Our knowledge of the so-ealled basal membrane may be summarized

In the oft repeated Statement that it is a membrane provided with

holes for the passage of nerve fibres 'the »durchlöcherte« membrane

of the Germane . No attempt to determine the relation between the

holes of the membranes and the superimposed ommatidia has yet been

made. The fact, that only in this manjier one can obtain a definite

knowledge of the Innervation of the ommatidium, and, at the same

time, valuable facts concerning their general morphology, has led me
to consider this subject in some detail. The facts have been obtained

in two ways; by tangential sections, and by isolating the membrane by

means of maceration. In both cases it is necessary to dissolve the in-

numerable, fat-like crystals, described above, with dilute caustic potash.

Wewill consider first, the structure of the membrane, second. the

arrangement of the ommateal cells upon it, and, third, the bundles of

nerve fibres by which it is penetrated.

The basai membrane consists of a mass of connective tissue fibres,

in certain places so compactly fused as to form hyaline, and apparently

structureless masse s, connected with each other by a network of fine

fibres. Their shape is nearly that of regulär Greek crosses, the inner sur-

face being smooth and compact in structure (fig. 107), —while toward

the outer surface their fibrous nature is more clearly seen. The general

shape and combination of the crosses which form the membrane cannot

be better described than by referring to the drawings (figs.106,108 and

110). Throughout the entire membrane, the arrangement and direction



638 William Patten

of the pieces is precisely the same. The inner faces of the arms of the

crosses are continuous with each other by means of a delicate hyaline

membrane (tìg-. 107), while the faces directed towards the enclosed

Squares are united by a series of fibres exteuding from the inner to

the outer surfaces of the crosses. From the centre of the inner surface

of each cross, a group of fibres projects inwards, and unites with the

connective tissue cells underlying the basai membrane (fig. 107, e. t.f.).

The enclosed Squares are bridged by a bündle of diagonal fibres

(figs. 106 and 110) which begin at the inner corner of the Squares,

as a single, round bar, and, after breaking up into two brush-like

bundles, extend outwards to the opposite corner, there becoming at-

tached along the tour lines a, è, e, d :tìg. HO). These diagonal fibres,

which maintain the same direction in ali the Squares , are of service

in orienting the arrangement of the ommatidial cells upon the mem-
brane. For convenience, we will call the vertical piane passing through

these fibres the diagonal piane of the eye; it coincides also with the

long diameter of the pedicel , but its relation to the body , I bave not

determined. The inner openings of the Squares are not rectangular,

but rounded, and reduced in size by the formation of a circular mem-
brane, thickest at the corners. If now, we study a series of very thin,

cross sections of the inner ends of the ommatidia, we shall be able to

determine the position that each celi occupies upon the basai membrane.

Beyond the base of the pedicel, and after the retinulae bave formed

the butterfly-shaped figure around the centrai and almost imperceptible

stalk (figs. 99 and 100), the retinulae suddenly separate, and the cen-

trai thread, increasing in size, soon dissolves into two groups of fibres

(figs. 106 and 1 10 r/l), which become attached to the inner surface of the

cross. One group is formed of two separate bundles, while the other is

apparently composed of two similar ones , so closely placed as to form

one figure, the configuration of which stili indicates its dual composition.

These four bundles , —of which one may discern the Impression upon

the crosses in macerated specimens, —are the four inner ends of

the retiuophorae, and the fibres are their root-like termina-

tions.

If one follows the retinulae in the same manner, it will be seen

that after the Separation indicated in (fig. 101), the four cells, 4,6,5,7.

unite to form two pairs, each one of which occupies one angle of the cross,

on opposite sides of the diagonal plane (fig. 106). The three remaining

retinulae occupy that intervening angle from which the diagonal bar

arises, so that two cells are placed on one side of it, and the remaining
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one ou the other. The bases of all seven retinulae rest upon the thicken-

ings of the circular membrane fìlling the inner corners of the euclosed

Squares {fig. 110). It now remains to indicate the position oecupied

by the inner ends of the four bacilli belongiug to the cells constituting

the pigmented collar of the calyx. Wehave seen that, on a level with

the pedicel, they formed two pairs arranged on either side of its broad

face, between the black retinulae on the one band , and the brown on

the other (tigs. 89—93). After passing the pedicels, the bacilli come

to lie outside of the cell group formed by the narrowed, inner ends of the

ommatidia (tigs. 95—100
, and still nearer the basal membrane they

approach each other untiltinally, they end, in the characteristic manner,

on the stronger inner fibres of the diagonal bundles, in the angle oppo-

site that oecupied by the thre.e brown retinulae i, 2, 5(tìgs. 106 and 1 10).

No traces of the inner ends of the basal cells have been found. A
diagram, representiug these conditions, and lettered to correspond with

those of the sections at other niveaux, will make this rather confusing

series of changes more comprehensible. Thus we see that each connec-

tive tissue cross of the basal membrane furuishes the support for a single

ommatidium, and that both these structures correspond in number.

Moreover. that the distributiou of the various cireles of cells around

their respective centres is determiued by certain planes of division, the

resulting arrangement beiug identical in all the units and in all the

parts of the eye.

A knowledge of the basal membrane and of the arrangement of the

cells upon it has prepared the way for a compreheusiou of the distri-

bution of nerve fibres to the cells of the ommatidia. In longitudinal sec-

tions, one can easily see that a single, large, pigmented bündle of nerve

fibres passes to each of the openiugs leading into the Square Spaces en-

closedby the neighboring crosses; just before reaching the latter, it breaks

up into four, smaller branches going to the four corners of the Square.

Each of these branches divides again into still smaller oneS; which

ascend along the inner ends of the cells ; the number of bundles for

each corner corresponds with the number of cells there. Thus each of

the eleven cells, whose ends rest in the corners of the Squares, is

snpplied with a small bündle of pigmented nerve fibres, all of which

have arisen from a single branch. But it will be seen, by Consulting

the diagram, that the eleven nerve bundles of each Square belong

to four diiferent ommatidia. It is also evident, that the eleven pig-

mented cells of each ommatidium rest in the corners of four differeut

Squares, and therefore must receive their nerve fibres from four
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different, main bundles. Besides the bundles of pigmented fibres,

there are likewise four colorless ones, which, arising from as many

main branches, ascend the four anglesof the cross and extend along

the outer surface of the four retinophorae (fig. HOn.f.). Lastly, a single,

minute, colorless brauch enters the base of the cross just below the

origin of the diagonal bar (fig. 108), and, describing a gentle curve,

issues from the centre of the opposite surface, to be continued straight

upward between the four retinophorae as the axial nerve fibre of

the ommatidium. In macerated specimens, one may see, in the centre

of the cross, the minute canal, from the round opening of which a small

nerve fibre often project». On the inner surface of the membrane, the

canal opens iuto a triangulär depression, situated on the very edge of

the cross, at the apex of the angle formed by the two sides (fig. 107

c.ax.f.). On Consulting the diagram (fig. 108), it will be seen that

the axial nerve fibre comes from the left band bündle, as does also a

group of fibres for the outside of one of the four retinophorae, the re-

maining three of which are supplied from the three surrouudiug

Squares; consequently the retinophorae are provided exterually with

nerve fibres from four main branches passing through four different

Squares. The retinulae of each ommatidium are similarly supplied

from three different branches, while the four bacilli of the pigmeut

cells receive their nervous supply from one and the same buudle.

The diagrammatic figure (fig. 108), represents a longitudinal sectiou

of the basai membrane, fig. 106, a tangential section of the same, and

finally, fig. 109, sections through one of the nerve bundles just beneath

the basai membrane ; they are supposed to represent the cells of the

same ommatidium with their nerve fibres, and consequently are desig-

nated with corresponding letters and figures, easily uuderstood by re-

ferring to the explanatiou of plates. Thus, althoiigh the ommatidia,

basai membrane crosses, and enclosed Squares, as well as the principal

nerve bundles , coincide in number, each ommatidium is supplied with

nerve fibres from four different bündle^, or, conversely, each

main bündle, instead of supplying a corresponding ommatidium,

divides into sixteen groups which supply the cells of four different om-

matidia.

In macerated specimens, it is not a difficult matter to follow the

nerve fibres of each celi along its entire length. One always finds se-

veral fine fibres twisted about the bacilli, on account of their greater

size, more easily seen at the inner ends, where they may be observed

in cross sections, or in the isolated cells (fig. 111). They may be

1
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foUowed out to the pigmeuted ends where. ou account of their exces-

sive fineuess, they disappear. The nerve fil)res of the retinulae

cling elosely to the wall of the cell, which they follow as far as the

nucleated portion. where they become confused with those of the outer

wall of the retinophorae. Those of the latter are the most important,

and may be traced aloug- the outer walls of the retinophorae, surround-

ing the style and pedicel with a uumber of long-itudinal tibres continued

outward over the surface of the calyx (fig*. 71 ex.n.f.). The axial

nerve extends from the base of the retinophorae, through the pe-

dicel and the central canal of the style (figs. 70 ax.f^^ into the

calyx, between the four Segments of the crystalline cone. In cross sec-

tion, it is most easily seen at either end of the pedicel (fig. 94—96), or

in the lower parts of the calyx. The conditions for the study of the

ramifications of the axial fibres to form the retinidium in Penaeus are

not favorable, and therefore my observations in this respect are not as

complete as I desired. Still, one may see enough to be convinced that

the sanie principle prevails here as in Mantis. Those parts of the calyx,

not occupied by the crystalline cone, or by the lateral thickenings, seem

to have been filled with a fluid, in which probably existed a network

of nervous fibrils, similar to those forming the retinidium in Area and

Haliotis. One may find positive evidence of it, however, in the fact that

the lateral thickenings are marked with extremely fine , and nearly

straight, cross lines,which I consider to be parts of the retinidium, better

preserved by being imbedded in the more compact substance of the

lateral thickenings. Moreover, in the softer portions of the crystalline

cone, the same structure may be seen (fig. 79 and 80). It is therefore

probable that the whole space enclosed by the outer walls of the four

retinophorae, or the cavity of the calyx, is tìlled with a mass of radiat-

ing nerve fibres, which are better preserved in those places where thc

substance filliug the calyx has hardened to form the lateral thickenings,

or the centrally placed crystalline cones. It is also probable, from

theoretieal considerations , that the system of superficial fibres , distri-

buted over the wall of the calyx, communicates with the cross branches

from the axial nerve, just as in Pecten and Area. In the outer ends

of the crystalline cone, in that part which is densest and most hyaline,

I have not been able to observe anything like cross lines or fibres.

Galathea, Palaenion and Pagurus.

After completing my observations upon Penaeus, I desired to make

similar studies upon typical genera from the various families of Crus-
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tacea, biit neither time, uor the limits of this paper (already long-er

than I originally intended), have allowed me to carry out the plan.

Still, I have made a number of observations upon the eyes of the above

named genera, eoucerning the most importaut points I desired to il-

lustrate, and which, although by no means so complete as those upon

Penaeus, still, as far as they go, fully confirm what I have already

described for that genus. Amore complete description of the ommatidia

will be reserved for some future time.

In all three genera, one may easily demonstrate the presence of

the corneal hypodermis, the general characters of which dififer but little

from those of Penaeus. In both Paiaemon and Pagurus there are two

peripherally placed nuclei for each quadrilateral facet (PI. 31, fig. 115

n.c.h.). In Galathea, however, there is a remarkable moditication of

these cells to form, for each ommatidium, an iris with a slit-like cou-

tractile opeuing, the walls of which may be expanded by means of

radiating, contractile tibres, attached to the periphery of the cells (PL 31,

fig. 114). The iris is formed of the two corneal hypodermic cells, the very

indistinct nuclei of which are situated so close together, that they often

appear like a single oval body, placed exactly over the centre of the

hexagonal facets, instead of on the periphery. The cell protoplasm is

thickened into two opaque, triangulär curtains enclosing a clear, slit-

like space , in the centre of which are situated the two nuclei. When
the closed iris is observed from below, in surface preparations , one

sees simply the thickened edge of the adjacent cell walls enclosing a

very narrow, central space. In an open iris, prepared in the same

manuer, the free edge of the triangulär curtain, which otherwise pro-

jects inwards between the slightly expanded outer ends of the retino-

phorae, is seen to have been drawn towards the periphery of the cell,

thus enlarging the central openiug, or pupil, and also affording a better

view of the shape of the curtain (fig. 1 14 cu.) ; the latter is composed of a

granular protoplasm, filled with what appear to be vacuoles of varying

size. The edge of the curtain is continuous with many fine , radiating,

protoplasmic fibres
, which , at their opposite extremities

, unite with a

thickened, p*eripheral ring of protoplasm, x.

In surface preparations, made as described for Penaeus. the iris

of each facet may be seen in various stages of expansion and contrac-

tion. The two nuclei, placed in the centre of the openiug, are extremely

transparent and refractive, and these facts together whit their lenticular

shape might lead one to consider them as minute lenses. The curtain

of the iris , in the living condition, is probably filled with fat globales,
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which, being retidily soluble in alcohol, produce the vacuolated ap-

pearance described above; tliey would tend to make that part of the iris

opaque, thus facilitating its function of modifying the intensity of the

light.

In Galathea^ as well as in Pagurus and Palaemon, I have succeeded

in isolating, by maceration, the style of the retinophorae, which
was continnous. at one end, with the four segments of the

calyx, and, attheother, with the four rows of plates coustitut-

ingthe pedicel. In the centre of the style, the four hyaline stalks of the

retinophorae are inseparably united to form, as mPenaeus, a tube, which

near the pedicel has again the tendency to divide into four Segments

(lig. 117, PI. 31). There can be no doubt that the calyx, style and
pedicel (or the Krystallkegelzellen and rhabdoms of Gren acher), are

continnous parts of the four retinophorae, a fact that is fatal to Gre-

nacher's theory that the Krystallkegelzellen (or what corresponds to

my calyx of the retinophorae) are homologous with the cells of the

vitreous body in Spiders and Myriapods. There are besides several

other insurmountable objections to this theory, rendering it no longer

tenable. The real homologues of the vitreous cells of Myriapods, Spiders

and Hexapod ocelli, are those of the corneal hypodermis, which

I have been able to detect in all the genera that I have examined,

and which without doubt must be considered to be universally present !

For example, I have found the corneal hypodermis present in

Musca^ Mcmtis, Branchipus, Penaeus^ Palaemon^ Pagurus smdGalat/iea.

The number of the retinulae in Palaemon, Galafhea, and Pagurus

is seven. the same as in Penaeus, but the nucleated portions, instead of

being situated close to the inner end of the style, are extended outwards

as far as the neck of the calyx. The four outer pigment cells form a

dense black circle, just above the former, and are continued outwards

toward the cornea, as well as in the opposite direction, as slender pig-

mented rods , which in the latter case become reduced to the colorless

and hyaline bacilli, and are continued, as such, up to the basal mem-
brane.

The calyx of Galathea is very favorable for the study of the nerve
fibrillae which there form the retinidium. For this purpose, I

have prepared the cells by the same method used to dissolve the cuti-

cular substance of the rods in Haliotis. It also gave very good results

here, but did not dissolve the crystalline cone. In such preparations,

one could follow the external, longitudinal nerve fibres surrounding the

style, as well as the central, axial fibres (PL 31, figs. 131 and 132) up
43*
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to the calyx, wliere the former became coutinued ìnto the centre of the

crystalliue cone , while the latter , spreading- ont over the wall of the

calyx, form a complete network of nerve fibrillae ; the latter braneh, in

pretty regulär order, at rig-ht angles from the larger longitudinal ones,

and then unite to form a continuous network of superficial fibres (figs. 129

and 130).

One finds in Galathea the same abaxial thickenings, (four),of the

calycal wall, as in Penaeus. and can readily distinguish in them the cross

fibrillae, which bave exactly the same appearance as those in the rods of

Pecten. In cross sections, it can, in some cases, be seen where these fibres

are continued across the cavity of the calyx to the cry stalline cone. It

is extremely difficult to prepare the crystalline cone in such a manner

that the radiating cross Striae can be seen. In some cases, the cones

remain perfectly transparent and apparently structureless ; in others,

one may succeed in detectìng the Striae, especially towards the inner

euds of the cones, which there appear to be less dense. In Pagurus^

however , I have succeeded in obtaining- the clearest insight info the

structure of the crystalline cones. Here they are less hyaline, and the

Striae may be seen without special diffìculty.

In ali these genera the pedicels are composed of two sets of plates.

the fibres in one of which are at right angles to those of the other. The

plates themselves appear to fit into each other in the same manner as

those of Penaeus.

In the last named genus, the division of the corneal facets into

halves
,

produced by the Impression of the two underlying cells . was

so faintly marked that one might be tempted to doubt its meaning , if

,

in other cases, there did not exist such positive evidence to the contrary.

In Galathea
, the division of the facets is so plain , and corresponds so

exactly with the outlines of the corneal cells, that there can be no doubt

that the latter, and not the Krystallkegelzellen, as Grenacher believes,

give rise to the facets of the cornea. Indeed I have observed two instances

in which a facet was composed of two perfectly distinct parts,

each one of which corresponded with the underlying corneal cells

(PI. 31, fig. 116, a). In fig. 114, the divisions are represented as

extending from one angle of the facet to the opposite one. This how-
ever is very exceptional, for in by far the majority of cases it extends

from the middle of one wall, to a corresponding point in the opposite

one (fig. 116). This line of division, whatever its direction may be,

compared with the periphery of the facets , always lies directly over

the adjacent, median walls of the two corneal cells.
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Branchipus and Orchestia.

I have Lad the pleasure of examining some well preserved

eyes of Branchipus Gruhii, prepared duriug my stay iu Leipzig-. The

four nuclei of the retinophorae are located at the outer euds of the cells,

over which they form a kiud of cap . situated in a thickening similar

to that fouud iu a corresponding positiou in the eye oi Petiaeus. The

corneal hypodermis is well developed and consists of a layer of inde-

finitely arranged cells upoii the inner surface of the unfaceted cornea.

The style of the retinophorae forms a spindle-shaped tube, largest near

the outer ends of the retinulae, and decreasing in diameter towards

either extremity ; the outer end hecomes directly continuous with the

calyx , while the slender inner one rests upon the basal membrane.

The tube, witb.in which may be seen the axial nerve fibre, is laterally

flattened , the two narrow walls being much thicker than the broad

ones. The cross nerve fibres within the calyx, together with the super-

ficial ones upon the walls of the same, may be seen bere just the same

as in Galathea^ Penaeus etc. from which they do not diflfer to any notice-

able extent. The four lateral thickenings seen in the calyx of Galathea.

and the outer row of pigmented cover cells (and of course the bacilli
,

or their stalk-like ends) , are absent in Branchipus.

In Orchestia , I have also seen in macerated specimens the same

nervous network upon the surface of the calyx, although I was unable to

detect cross Striae in the crystalline cones. Along the wall of the calyx,

which is almost completely filled by the crystalline cone, may be de-

tected severa! comparatively large , longitudinal fibres , from which a

great number of irregulär, smaller branches arise.

A valuable confirmation of my opinion , that the corneal hypoder-

mis is the very much modified and reduced layer of similarly named

cells in the eyes of Myriapods and Spiders , was found on examining

some sections of embryo lobsters which were just ready to escape from

the chorion. Here the cells formed a broad and very distinct layer,

separated from the underlying ommatidia by an extremely delicate

membrane. An exactly similar condition was found in the eyes of larvai

Penaeus, or an allied genus. In both cases, the development of the

larvai cuticular hypodermis was much greater than in the adult, where

it is reduced to an almost unrecognizable thinness. Moreover, the nuclei

of these cells stain more deeply, and consequently are more easily re-
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cognìzed, iu the larvai, than in the adult condition. These two facts

indicate that the cuticular hypodermìs must have once constitiited a

more important and conspicuous part of the eye than at present.

Mautis religiosa.

The thick cuticular coveriug of the eye is divided into hexag-onal,

hiconvex facets, the inner surface being more strongly arched than

the outer. They are divided into a hard, homogeneous, outer layer

(fìg. llSc'), and a thicker. less refractive, inner one, composed of agreat

mimber of thin , superimposed layers having the same curves as the

outer surfaces of the facets. The latter are separated from each other

by a thin layer of chitinous substance, the refractive index of Avhich is

different from that of the facets (fig. 1 IS). On the periphery of the inner

surface of the latter, are two small nuclei e.h., around each of which is a

rather large, triangulär space, filled with protoplasm, diminishing quite

rapidly in thickness towards the centre of the corresponding facet. I

have only been able to study these nuclei in sections, since the fresh

material at my command was not suftìcient for maceration. It is only

by the latter method, by which one may isolate large portions of the

cornea! cuticula with their underl3'ing nuclei, that an adequate knowl-

edge can be obtained of the number and arrangement of these cells,

to which the corneal facets owe their origiu , and which form a con-

tinuous and distinct layer, —the corneal hypodermis, —between

the cuticula and the ommateum. The latter is composed of a number

of ommatidia, each one of which, in turn, cousists of four centrai

r etino phorae surrounded by several rows of pigment cells. The outer

euds of the retinophorae are greatly enlarged to form the calyx,

which contains the retin idi um. The two inner thirds are reduced to

a narrow tube, the st} le, which nearly corresponds with the so-

called rhabdom of Grenacher.

The calyx is surrounded by a layer of yellowish browu pigment

cells, the nuclei of which are so arranged that it is difficult to determine

their number, but they appear to form two, rather indistinct rows. In

longitudiual sections, it is only occasionally that one sees isolated, ovai

nuclei high up, between the retinophorae, as in fig. 118, jt?^'. But in the

large space, formed by the constriction of the inner ends of the calyees

are several large nuclei, varying considerably in size, and undoubtedly

belonging to the yellowish brown pigment cells. These cells do not

show any distinct constrictions, and it is therefore difficult to determine
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their exact number or shape. Jiulgiug- from the nuclei, tliere are at

least six browu pigment cells for cach ommatidium. Two prominent,

black pigmcnt cells coniplctely surround the neck of the caljx. In

lougitudinal sectious, or in isolated preparations, it is seeu that their

expanded and deeply pigmcnted inner extrcniity euds squarely, and

coutains a round nueleus : in the opposite direction they become thin

and narrow, and the pig-ment, which is diminished in quautity, tìnally

disappcars (fig. 1 18, pg. 3). The style of the retinophorae is completely

enclosed by seven retinulae, whose outer ends, in which the nuclei are

situated, are completely impreg-nated with nearly black pigment, while,

towards the inner ends, the axial faces alone are colored in this manner.

Three of these cells are longer and more deeply pigmented than the

others, so that a cross section of the ommateum, just below the calyx,

shows only the ends of these three cells arranged as in flg. 123; at the

very ends they are broad and thin, increasing in thickness, inwards.

All seven retinulae form a long double cone, whose g-reatestdiameter is in

the part where there is the most pigment.

The Spaces between the inner ends of the ommatidia are occupied

by irregulär, slightly pigmented cells, containing oval, and distinctly

visible nuclei (tìg. 118, t/).

Numerous, line, tracheal branches, tr, are found between the

ommatidia.

The ommatidial layer of the eye rests upon an enormously thicken-

ed, conuective tissue, basal membrane, which forms a thick, sieve-

like layer permeated by canals, correspouding in number with the

ommatidia , and through each of which passes a bündle of pigmented

nerve tìbres. The outer surface of the basal membrane, upon which

rest the inner ends of the ommatidia, is well supplied with pigment,

which obscures its liner structure. The inner surface is thickened and

forms a sieve-like membrane, which stains deeply inhaematoxylin, and

might easily be mistaken for a true basal membrane (fig. 127, a. c). The

latter is composed of more compactly united, connective tissue tibres,

and is sharply delined on its outer surface, while on its inner, the tìbres

of which it is composed become continuous with those irregularly eu-

circling the numerous »nerve Channels«. Towards the periphery of

the eye, this massive membrane, which contains many nuclei,

beeomes thinner, and, finally, at the beginning of the ordinary h}-])0-

dermis disappears. The rouuded outer ends of the retinophorae, where

the f(Jur large, oval nuclei are situated, contain a very thin, watery

fluid; anything equivalent to a crystalline cone being absent. The walls
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of the calyx are fìnely strip ed , as though covered with quite regularly

arranged fibres (fig. 118),

The calyx is divided into four Chambers by the inner walls of the

four retinophorae (fig. 119); near its inner end two of the walls dis-

appear, and consequently the retinidium is divided intohalves, the piane

of division passingthroughthetwopigmentedcells,jo^.3 (fig. 121). Finally

these walls also disappear, at that point where the calyx is trausformed

into the style (fig. 122). Although the axial walls of the retinophorae

have disappeared, the abaxial ones, which form the calyx, continue as

a closed and narrow tube, the style, as far as the basai membrane. The

same method of Innervation is to be found bere as in the Mollusca and

Crustacea ; each celi is provided with a number of nerve fibres, exteuding

its wholelength, and closely applied to its outer surface. By the

concrescence of the retinophorae, the nerve fibres of the adjacent walls

did not disappear, but carne to lie in the centre of the group ; as the union

became more intimate, theinner walls disappeared entirely, and the nerve

fibres became as completely enclosed by the united celi walls as though

they had developed within a single celi. With a good oil immersion, it

maybe seen, without special difficulty, inproperlyprepared material, that

the axial bündle of nerve fibres thus formed occupies the centres of the

narrow tubes produced by the united stalks of the four retinophorae

(fig. 128). The conditions for Observation are so unfavorable at the

inner end of the style, that the narrow tube with its centrai fibre is with

difficulty distinguishable ; but at the outer end, the tube is considerably

enlarged , and the axial nerve bündle is seen to consist of four distinct

fibres , which themselves are probably composed of numerous smaller

ones (fig. 124). Just beyond the narrow neck of the calyx (fig. 128),

the four bundles of nerve fibres break up into innumerable branches,

which follow the median partition for a short distance and then separate

to form four groups , each one of which passes through the middle of

one of the four Chambers of the calyx (figs. 121 and 119). From each
of these fibres, are given off innumerable horizontal fi bril-

lae, which fuse and interlace with each other to form a com-
plete nervous network, distinguishable only in the most
carefully prepared material. The best method of preparation is

the one I have already described for Pecten, i. e. treatment for about

half an hour in chromic acid, VsVo^ ^t 45» Centigrade. The following

day, one may pick to pieces with needles, and examine in acetate of

potash. By this method, the most beautiful results are obtained, for it

very often happens that the whole retinidium may be isolated
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as a spongy-like core, in which the longitudinal fibres with tlieir

cross branches may be seen with perfect ease. It is not within my
power to give. by means of drawings, an adequate idea of the marvel-

lous complexity, yet at the same time wonderful clearness and simplic-

ity, of this structure, which at once furnishes such a complete proof

that the seat of vision is located at that place , as it has seldom been

the lot of a Student to experience, in an equally difficult subject. Sec-

tions of another eye , prepared at the same time in this manner, show

essentially the same structure , except that many of the finest fibrillae

have become so strongly varicose as to disguise their real nature ; under

unfavorable optical conditions , a mass of fine granules are seen , with

comparatively few, distinctly visible, cross fibres. But even then a care-

ful examination would not fail to disclose the same general structure

that is so plainly visible in the dissected eyes. However indistinct the

cross fibrillae, at times, may be, the four central bundles always remain

visible. In cross sections of the hollow style, may be seen, with a

distinctness that leaves no doubt in the mind, very fine fibres radiating

from the axial bündle towards the periphery (figs. 128, 124 and 125).

The effect is similar to that seen in cross sections of the retinidia of

Pecten.

If a cross section of the retinidium oi Mantis be compared with one

oiPenaeus, Area, or Galathea, a slight difPerence will be observed: In

the last three, the axial nerve bündle remains exactly in the central

axis, between the adjacent walls of the four cells. In Mantis, there

are four bundles
, one inside of each cell ; this can only be explained

by the fact that
, at the inner end of the calyx and indeed through-

out the w^hole length of the style , the axial walls of the four cells

have disappeared, and thus the way was left open for the fibres

to pass i n 1 the centre of each cell ; this is evidently a clear gain in

the distribution of the horizontal fibrillae, and may possibly account

for the absence of a crystalline cone. The wall of the style is surround-

ed by six nerve fibres, which appear in cross sections as so many
small dots (figs. 125 and 124). They may be followed as far as the

neck of the calyx, where they disappear, breaking up into numerous

smaller branches , continuous with those inside the calyx by means of

minute cross fibrillae. Towards the outer end of the ommatidium . the

retinulae are easily seen to consist of seven distinct cells, closely sur-

rounding the style; towards the inner ends, the space enclosed by the

pigmented axial faces of the retinulae, remains about the same, while

the enclosed style with the six nerve fibres becomes smaller and thus
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gives rise to a pigmeutless area betweeu the style and the retinulae

(fig. 125). Whether that is the normal condition, or anartificial productof

the reagents used, I amuuable to say. The retiuidium, besides beiug

euclosed in the calyx , is also surrouuded by a somewhat thicker and

structureless membrane, the retinidial sheath, formed by the

united outer ends of the seven retinulae, which are coutinued outwards

to the surface of the ommatidial layer as thin cell walls. The abaxial

face of each retiuula is provided with a number of longitudinal

nerve fi bres connected with each other by numerous, minute, circular

ones (fig. 118). Around the retinulae are several bacilli , the number

of which for each ommatidium I was unable to determine with certainty,

but I have counted eight in several instances, and think that that is the

normal number. They are much larger than the nerve fibres and are

undoubtedly the inner, stalk-like ends of the outer pigment cells, with

which they should correspoud in number. They are round , colorless

and refractive rods, surrounded by nerve fibres; the inner ends, which

rest on the basal membrane, expand into several root-like fibres, a

proof that they are the modified inner ends of hypodermic cells. The

nerve fibres surrounding each bacillus, supply the outer pigmented ends

of the same. The bacilli may be followed in longitudinal sections as

far as the outer ends of the retinulae, but, occasionally, one is seen to

extend as far as the inner row of nuclei of the brown cells [fig. 118,

h. pcf] : they probably belong to those pigmented cells, the nuclei of

which may be seen between the outer ends of the calyces.

Through each canal in the basal membrane, passes a bündle of

nerve fibres which are pigmented towards their outer ends. Whether

the same breaking up of the nervous bundles to supply four diflferent

ommatidia takes place here, as in Penaens, or not, I amunable to say,

since the material at my disposai was neither sufficiently abundant,

nor favorable for the Observation of such minute details. At all events,

the fibres
, or groups of fibres, may easily be seen passing to the indi-

viduai cells which constitute the ommatidia; they may then be followed

along the whole length of the same , either in cross or longitudinal

sections, or in the dissected and isolated cells.

Chapter III. General Remarks ou the Mollusca.

The term ommateum was first introduced by Lankester to de-

signate all the soft parts of the Arthropod eye, with the exception of the

cuticular leus. Carrière adopted this term, and added that of omma-

I
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tidium, to designate the individuai eyes of which the Arthropod omma-

teum is composed. Accordiui;- to my own reseaches, the strueture and

morphologieal signification of the latter term is entirely diffcrent from

that ascribcd to it by my predecessors. Two difliculties have presented

themselves, either uew terms must be invented to designate whatlcon-

sider to be the real unit of the Arthropod, or in fact of all eyes, or the

meaning of the old, must be exteuded to suit my conception of the

structure. I bave chosen the latter course, the less of the two evils.

By the term ommatidium, I shall designate those constructive

Clements of ali eyes consistìng of single (?; or compound, colorless cells

the re tino p bora e, surrouuded by one or more cìrcles of pigmented

ones, or retinulae.

A typical Molluscan ommatidium consists of a double, colorless

aud, in some cases, gland-like celi, the retinophora, contaiuing two

nuclei and an axial nerve fibre. The external surface of the retinophora

is provided ^ith nerve fibres, which at the outer ends of the cells break

up into numerous fibrillae directly continuous with simìlar ones from the

axial nerve. This network of cross fibrillae , the retinidium, is usually

supported bya cuticular secretion, or rod, of the retinophora. The latter,

except in the retinated types, always coutains a number of refractive

globules which serve as a kind of mirror, or argentinula, for each rod, so

that the rays of light are reflected back again ,
passing a second time

through the retinidium. The retinophorae are surrouuded by a circle of

pigmented cells, which mayalso be provided with nervous retiatermi-

nalia imbedded in a cuticular secretion; but these cells are in ali

cases single and coutaiu no axial fibres. In the simplest condì tion, the

terminal nerve fibrillae of the retinophorae, of the pìgmeut cells, or

retinulae, aud of the adjacent, uumoditìed epithelial cells, form a con-

tinuous nervous network.

The retinophorae, iu ali the varied stages of their modification,

are distinguished by their pointed inner ends drawn out into the axial

nerve fibre, and by the presence of two nuclei ; one is faint and diftìcult

to observe, while the other is large and ovai, stains sharply but not

deeply, and alwa3'S coutains a nucleolus.

The retinulae end iu several root-like fibres resting upon the

basai membrane. Their nuclei are comparatively small, staiu deeply

but not so clearly and sharply as those of the retinophorae, and, as far

as I have observed, never contain nucleoli.

The retinulae may be transformed into gangliouic cells, which,

in the early stages, migrate inwards leaving the retineum, with
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which they remain in connection by a nerve fibre, or, in the later stages,

they may be converted »in situ« into ganglionic cells which never leave

the retina (PI. 32, figs. 139 and 140).

Animals provided with the simplest ommatidia may possess an

extraordinary sensitiveness to changes in the intensi ty of light, as wit-

ness Avicula. An epithelium provided with such ommatidia is seldom,

or never, perfectly smooth; it is thrown into inuumerable folds which

usually run at right angles to the course of the greatest amount of light

The folds serve a double purpose ; first, of increasing the light sensitive

surface, and second, of briuging the ultimate nerve fibrillae, which are

in general tangential to the surface, as nearly as possible at right an-

gles to the rays of light Coming from various directions.

Here, then,we have the couditions which shall determine the ultim-

ate structure of the incipient visual organ. In the folded portions of

the ommatidial surface, a double advantage is gained: first, a protection

for the retia terminalia supported by the cuticula; and, second, apar-

tial exclusion of lateral rays of light , so that both the retinidia of the

pigmented, as well as of the colorless cells, may become functional.

In the convex type of eyes, the pigmented cells lose their terminal uerve

fibrillae, and serve solely to surround the radiating retinidia of the retiuo-

phorae in such a manner that each one shall receive only the vertical

rays of light. In ali convex eyes, the so-called faceted structure is a

necessary consequence of the law that the perfectiou of a visual

organ depends upon the degree to which lateral rays of light

are excluded from the retinidia, and upon the degree to

which the ultimate fibrillae of the latter have beeome per-

pendicular to the rays of light. In convex eyes with radiately

arranged ommatidia, the protection of the retinidia from lateral rays

can only be accomplished by the Isolation of the individuai retinidia,

a functiou to which the pigmented retinulae have become subordinate
;

in the same proportion, the retinophorae become the more essential Cle-

ments. The rapidity with which the latter assume the supremacy is,

without doubt, due to their axial nerve fibres, so well adapted to the

most economie distribution, over a given area, of radiating fibrillae. To

this may also be added their refractive and granular contents, actiug

as mirrors , which reflect the light that has once passed the retinidia,

and cause it to pass a second time through the retiuidial fibrillae.

The absence of pigmeut in the retinophorae , eveu when its pres-

ence would not interfere with the accession of light to the retinidia, is

a fact worthy of consideration. That it must have an importance hardly
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exceeded by that of tlic nerve fibres themselves , is shown by the Con-

stant ' abseuce of granular pigment in all retinophorae , from the sim-

plest ißolated ones, to tlie uiost specialized.

It is not inipossible that the retinophorae originated from simple

gland eells , which had the advantage over the pigmented ones in that

the rays of light would be reflectcd outwards again, by the colorless

and refractive Contents underlying the retiaterminalia; pigment would

absorb, not reflect, light. But I am inclined to regard the refractive

globules as being secondarily acquired by the colorless cells , since in

the Coelenterata they are absent. The remarkable constancy with

which similar gland-like cells are associated with the scuse hair papillae

of the Mollusca, the sense organs of the lateral line, and organs of

taste in Vertebrates, indicates that these gland-like cells have some-

thing more than a casual connection with organs of special sense.

In the invaginated forms, the shape of the eye determines, to a

certain degree, the direction of the rays of light, and we should expect

to find in the simplest eyes of this type that both retinulae and retino-

phorae contribute nearly equal parts to the formation of the retinidia
;

and, indeed, such is invariably the case in the simpler forms ofMolluscan

eyes. Accordiug as these invaginate eyes become more highly devel-

oped, —a process accompanied by the narrowing of the pupil together

with the addition of some refractive body, as the lens, —the direction

of the rays of light becomes definitely fixed
,

and the fibrillae of the

retinidia assume a more perfect radial arrangement, in overlying planes,

around the larger nerves tìbres.

In the simplest Molluscan eyes, the arrangement of the fibrillae is

not of grcat moment so that both retinophorae and retinulae may pro-

duce rods; but in the more perfect organs, as those of Cephalopods,

Heteropods and Pecten, the retinophorae, owing to the advantageous

arrangement of their axial nerves, alone develop rods.

The visual organs of the Mollusca may be divided, according to the

arrangement and modification of the ommatidia, into four types: the

diffuse, the invaginate, the faceted, and the pseudo-lenti-

culate type, representing the three modifications of light sensitive

surfaces, i. e., a retineum, ommateum and a retina.

The Mollusca is the most interesting group of animals we know
of, as far as visual organs are concerned, since it contaius ali types of

' In Cephalopods, Nautilus and Sepia, there appears tobe an exception, in

that the so-called sense cells are somewhat pigmented.
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such structures known to exist. Even in one geniis, as Area, one finds

innumerable examples of the diffuse, the invaginate, and the evaginate,

or compound eye.

The isolated ommatidia, constituting the diffuse form, seem to be

present in nearly ali of the Lamellibranchiata, regardless of whether

other and more perfect eyes are present or not. In the Gasteropods,

their presence has never been demonstrated , but from the rudiment-

ary character of some of their eyes [Patella, Helix, Haliotis, etc.),

there can be no doubt , that in the well developed pigmented areas of

these animals. there are also isolated ommatidia similar to those of the

Lamellibranchiata.

The chromatophores of the Cephalopods offer 8triking»resemblauce8

to the isolated ommatidia. Blanchard (70) has shown that they develop

as single, eolorless cells surrounded by pigmented ones. If we suppose

that these embryonic organs are ommatidia, and that the colored cells,

or retinulae, should assume the features so characteristic of the pigment

cells in certain Coelenterata , Crustacea, andembryo fishes, i. e. amoe-

boid arms and contractility , the ommatidia would then be transformed

into chromatophores. Their originai function as ommatidia, and conse-

quently the intimate relation they bore to the light, would prepare the

way for their transformati on into their present condition. In the La-

mellibranchiata, the isolated ommatidia are found principally in those

pigmented areas exposed to the direct rays of light, that is, on the edge

of the mantle and tip of the sipho. In the former region , on the bran-

chial side of the Ophthalmie fold, the ommatidia tend to form intogroups,

covered with a slightly thickened cuticula, on the surface of rounded

summits or elongated ridges , or upon the floor of shallow grooves or

circular pits. Although in these cases the cuticula shows no traces of

a division for each underlying celi , it may be divided into two contin-

uouslayers; avery thin, structureless, outerone, or corneal cuticula,

and a thicker, less compact, inner one, the retinidial cuticula, filled

with the tibrillac of the retia terminalia (PI. 32, ^^. 130).

In general, the ommatidia seem to be scattered about indefiuitely

over the pigmented surface of the mantle, but the irregulär folds in the

epithelium offer certain advantages which are seized upon by the om-

matidia, causing them to develop more rapidly in those regions with

the most folds.

The invaginated eyes of ^4/r« may easily be proven to have origin-

ated from the pigmented furrows, or pits. Did the faceted, or evaginate

eyes , originate from the pigmented summits and ridges, or by a modi-
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fication of the invaginate eyes? Although I would not entirely exclude

the former possibility, I have only foimd evidence in favor of the hitter.

As far as we kuow, only Area, Pecümculus, and possibly the aucestral

foruis of Pecten, were supplied with evaginated, or faceted eyes. while

all other Mollusca possess only the invaginate types. Wemay mention

the foUowing facts in favor of the supposition that the faceted eyes are

moditìcations of the invaginated oues. The latter are fouud in all stages

of development. large or small, deep or shallow, round, oval, or elong-

ated. If now the faceted eyes were formed from the summits and ridges

separating the pits and grooves , we should expect to find a scries of

intermediate forms, parallel with those of the invaginate ones. But this

is not the case, for the faceted eyes are usually of a large and Constant

form, sunkeu in pits more or less shallow according to the development

of the eye. It is very rarely that oue tinds small faceted eyes composed

of two or three ommatidia. Moreover there is a tendency on the poste-

rior portious of the mantle to produce intermediate forms between the

faceted and invaginated types. Finally the faceted eyes are only fouud

in Area, Pectimculus and probably the aucestral forms of Pecten, while

all other Molluscs are provided only with the invaginate types. These

facts render it probable that the latter are the simplest and ancestral

forms, from which the faceted oues have arisen by an evaginati on of the

pits, accompanied by the degeneration of the pigment cells into protec-

tive ones, while the retinidia of the retinophorae have developed in a

correspondiug degree (PI. 32, figs. 132 and 133). The faceted structure

of these couvex eyes is, as we have already said, a necessary result

of the radial arrangement of the retinidia, upon whose fibrillae it is

necessary for the rays of light to act at right angles.

In the shallow grooves on the mantle edge and at the base of the

siphonal tentacle of Lamellibranchiata, as we have already remarked,

the cuticula forms a continuous layer, the inner surface of which, the

retinidial cuticula, is filled with a thin Stratum of tangential nerve fibres,

the retia terminalia. In the deeper grooves, or in the less developed

invaginate eyes, the cuticula is considerably thicker, and its inner layer

shows a tendency to form, over each cell, a cuticular cylinder, or rod,

containing the terminal fibrillae of the nerves surrounding each cell.

As the divisions between these cuticular cylinders be-

come more and more marked, so also the nerve fibres in

them assume amore Constant relation, giving rise to the

retinal rods, each of which contaius a specialized portion

of the retia terminalia, the retinidium. The corneal cuti-
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cula remains as a thiu. structureless membrane covering the outer

ends of the rods (PI. 32, fig. 132). These organs constitute the simplest

invaginate eyes, such as are foimd in Area, Patella etc. An advance

in the structure of such an eye is made by an increase in the depth of

the optic cup and in the size of the retinidia, accompanied by a reduction

in the size of the opening, or pupil of the eye. What seems to have

been an incidental result of the deepening of the optic cup was an in-

crease in the thickness of the cor ne al cuticula, which may be followed

in its growth in various genera of Gasteropods until, finally, it complete-

ly fills the optic cup. A discussion of the effect which a Constant increase

in the thickness of this refractive substance until it entirely fills the

cavity of the eye would have upon the rays of light entering the pupil,

would lead us too far into physiological grounds, for this paper. The

general result would be, first, to increase the number of direct and re-

flected rays of light falling upon the floor of the optic cup : second, to

exclude the outer walls more and more from the light, until finally only

direct rays fall upon the inner wall of the cup. Either a central, or

external part of the enlarged cornea! cuticula. or vitreous body, be-

comes hardened into a rounded, or lenticular body to form the lens.

According as the inner wall of the optic cup becomes more ex-

posed to rays of light whose direction is more and more fixed and Con-

stant, so a corresponding change in the structure of the rods will appear,

in that they become more sharply and regularly defined. the fibrillae

of their contained retinidia showing a more perfect cross arrangement,

and consequently being more perfectly at right angles to the rays of

light. The more complete the arrangement of the retinidial fibrillae.

just so much greater will be the effect of this uniformity in direction

upon the cuticular substance of the rods supporting the fibres. until

.

finally, the so-called lamination of the rods, due to the

perfectly radiai arrangement of the retinidial fibrillae,

is produced. My own observations only extend over those Gastero-

pod Mollusca [Haliotis and Patella) in which the eye is very imper-

fectly developed. In the higher forms, the observations as yet made
are too incomplete to allow a definite conclusion concerningthe structure

of the rods and their origin. According to Hilger, they cousist of a

sheath and core, formed respectively by the pigmeuted and colorless

cells. A rod of that composition has no resemblance to any similar

structure of which we kuow, and cannot be compared in any way
with the rods of other Mollusca. I believe that Hilger has formed

a false conception of the rods in Gasteropods. It seems much more
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probable, from my owii studies and from what I can gather from bis,

tliat büth pigmentcd and colorless cells form independent rods, and

that what he has describcd as a single one is really the produet of an

entire omniatidium ; the core and sheath of bis rod being due to the

arrangement of the cells composing the ommatidium. The rod of the

retino})hora, or colorless cell, forms the core of Hilger.s rod, while

those of the surrounding pigment cells form the sheath.

Whether there are Gasteropod eyes in which only the retino-

phorae bear retinidia, while the pigment cells are modified for

other purposes, is not known at present. In the Heteropods, however,

according to Hensen, it looks as though the r et inula e were reducedto

very thiu pigmented cells at the outer ends of the retinophorae ; the

latter alone appear to develop rods.

In the Cephalopods, as we bave already pointed out, the retino-

phorae (retinal cells) alone produce double rods, which may be com-

pared directly with the double rods of Area, Pecten, etc. The retinulae

bave become transformed into cells homologous with the ganglionic ones

of Pecten. In the latter case , the Inversion of the rods necessitates

the absence of pigment in these cells, while in the Cephalopods, wbere

the original direction of the rods is retained, no suchchange isnecessary.

The pseudo-lentie eyes of ^rca must be regarded as small

aggregations of ommatidia on a nearly level surface, the retinidial

cuticula of which has become thickened into a lens-shaped body richly

supplied with nerve fibrillae, —in fact exactly what would be produced

by pulliug an invaginate eye out fiat. One might consider them as in-

cipient invaginate eyes, the retinal cuticula of which has increased in

thickness more rapidly than the ommateal layer has become invaginate.

The retinated type of eyes is confined, as far as we kuow at

present, to Pecten, whose retina is characterised by the great develop-

ment of the retinophorae and their rods, and the complete absence

of pigment from the retinulae. The sensitive layer of the Cephalopod

eye must be regarded as a retineum in which the retinulae bave ceased

to produce rods. some being modified to form the colorless ganglionic

cells (»Sockel« cells of Gkenacher). The eyes of Cephalopods are

remarkable on account of their complicated dioptric apparatus, rather

than for any great specialization of the sensitive layer.

Before making any comparisons between the retina of Pecten and

that of Cephalopods, I will attempt to explain my idea of the origin of

Mittheilungen a. d. Zoolog. Station zu Neapel. Bd. VI. 44
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the eye of Pecten. Au incomplete knowledge of the anatomy and

development of these eyes has deterred ali my predecessors from mak-

ing any attempt to solve tliis apparently hopeless problem. They bave

contented themselves with the statement that we must look to the de-

velopment for the solution. I thought so too, and after a careful, and,

I believe, in the main successful study of the development, v^as much

disappointed to find that the solution did not appear any easier than

hefore. Instead of developing from invaginations, as I had expected

would be the case, they were formed from knob-like papillae. I left

the matter for a while, and turned my attention tovrards other genera

of Lamellibranchiata in hopes of finding some clew to the subject.

After studying the eyes of Arca^ I came to the conclusion that the

solution could be found there, ifanywhere. Although the following

explanation may not rest upon sufficient evidence, stili, as far as it

goes, it is good. Development has shovyrn that, in the young Pecten, the

branchial side of the Ophthalmie fold is eovered V7ith a number of

small pigmented pits exactly similar to the invaginated eyes of

Arca. There are also small pigmented papillae consisting of a few

ommatidia, which in the larvae are exceptionally large and well deve-

loped, but which in the later stages degenerate or disappear. These

facts indicate that the Ophthalmie fold, in the ancestors of the present

Pecten, was provided with many invaginated eyes, together with in-

numerable, well developed and isolated ommatidia. a condition which

could best be compared with that in Arca of to-day. A most remark-

able agreement is to be found between the paired arrangement of the

eyes of Pecten and the faceted ones of Arca. In neither genera is the

sequence of the pairs Constant; usually two large eyes are separated

by one or two small ones. Webave seen that the largest eyes of Arca

are arranged along a pigmented line on the summit of the Ophthalmie

fold, and that on the branchial side of this fold were many smaller

eyes in various stages of development. Now in the larvae of Pecten

a similar condition prevails. There is a pigmeut furrow at the base of

the Ophthalmie fold from which the large permanent eyes develop, while

on the branchial side of the fold are numerous small and transitional

invaginate eyes. Wemay suppose that, in the ancestral Pectens, there

were many highly developed, invaginate eyes along the pigmented

furrow. There is in ali Mollusca a tendency for such cup-like eyes

to form closedsacs. but in ali cases, exeept Pecten, the posterior wall

becomes the most highly developed, and gives rise, finally, to the

retina. If we suppose that in Pecten the vesiele, formed by the closure
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of a primitive optic cup, becomes somevvhat flattened, tlien those om-

matidia ou the edgc of the vesicle would be turued inward, retaining

ineautime their rods PI. 32. tig. 150); those ominatidia oii the anterior

wall, which in such cases are usually short and fimctionless, would,

with the foldiug in of the cup, lose their pigmeut, so that light could

still penetrate to the posterior wall of the vesicle. Bya contiuued

ingro wth of the ommatidia ou the periphery of the outer wall towards

the centre of the eye , the inverted ommatidia of the anterior wall would

become expressiv adapted to the function of vision, while those on the

floor of the optic vesicle would gradually become functionless, or modi-

fied in other directions. In the primitive optic cup, the retinophorae

were probably surrounded. as often happens, by a double circle of pig-

ment cells. an outer and an inner one. After the closing of the cup, this

arrangement appears to have been partly retained, the outer row of

ganglionic cells being the product of the modified basal row of retinulae,

while the inner ganglionic cells are the modified outer ones (PI. 32,

fig. 151). A similar condition must have obtained in the floor of

the optic cup, which uow forms the inner wall of the optic vesicle,

whose layers, if they are homologous with those of the retina,

should be in the inverse order. In this case the structureless and

non-cellular rete-vitrosum would be homologous with the layer

of rods; a continuation of this comparison would make the argentea,

composed of flattened and colorless granules, homologous with the re-

tinophorae with which it agrees in the secretion of the hyaline

layer, aud in the presence of the colorless and refractive globules, so

characteristic of the retinophorae in general. Lastly, the tapetum,

composed of pigmented cells. would be homologous with the entire

ganglionic layer: both therefore represent modifications of pigment

cells, or retinulae. After the closure of the optic cup, the modifications

of the surrouudiug connective tissue necessary to form the lens aud

pseudo-cornea, present no morphological difficulty. The basal mem-
brane of the primitive optic cup would, with the formation of the optic

vesicle, form the ommateal sac, from the thickening of whose anterior

and posterior walls would be formed the septum and sclerotica,,

both of which are double layered.
'

There is still the greatest difficulty to solve , namely : why is it that

Pecten and Area are so richly supplied with liighly developed eyes,

wheu there seems to be no more necessity for them here than in any

44*
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other Mollusc? The innumerable eyes of Chiton and Onchidiuni imdoubt-

edly owe their origin to the same laws governing* the development of

the eyes oi Area and Pecten. The material, upon which Semper made
his observations concerning the eyes of OncMdium

, was imdoubtedly

in a very poor state of preservatiou , as may be easily seen from the

figures. The most doubtful of all his Statements is. that the in

v

erte d

retinal layer is penetrated by the optic nerve. It is very probable that.

in Chiton and Onchidimn, the whole surfaee of the epithelium is filled

v^ith isolatedommatidia, from which, in the younger specimens, the eyes

are being coustantly formed by the ag-gregation of ommatidia into

groups, which subsequently become invaginated.

The following Suggestion, although it does not strike at the root of

the real difficulties, may possibly direct attention towards a phase of the

.question which has not, heretofore. been considered. For iustance, in

' almost every Mollusca I have examined , the epithelium was found to

consist, together with other Clements, of colorless gland-like cells and

pigmeuted ones. In certain instances, we notice a tendency of the pig-

ment cells to form a circle arouud each colorless one, giving rise to om-
imatidia irregularly scattered overlarge areas. Now there

' is, moreover, a tendency for the ommatidia to collect into larger or smaller

/
groups ; but this tendency acts at one place uearly as well as at auother,

1
so that innumerable groups of ommatidia will be formed at the same

1 time over wide areas. The development of these groups into simple

Ì
grooves andpits, and finally into fully developed eyes, is a very simple

Iprocess, and may easily be observed. But what is the motive power?

Wemust necessarily assume, that, up to a certain stage, the formati on

of ommatidia and their collectiou into groups was of some advantage to

the animai (see chapter V]. If, now, we assume that the conditions for

the growth of these organs were exceptionally favorable. a powerful Im-

petus would be given which would carry them to a degree of develop-

ment far exceeding the uecessity of the animai. After a time many of

the Organs thus made would degenerate and disappear. This degene-

ration of many young eyes of Pecten, and of the faceted eyes iu full

growu Areas, may be considered as Steps towards the reduction in

number of the uumerous eyes thus uunecessarily produced. There is,

however, still another factor of great importauce, which I shall discuss

more fully in another place, and that is the chauge of functions under-

gone by the ommatidia. Two well developed eyes are , under most

circumstances, enough for any animai. But, if it could be showu that

the eyes originated from organs having other functions, so that au iu-
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crease in tlieir luimber and perfection would be of correspondiug ad-

vautage to tlie animai , tlien tlie presence of a g-reat nuiuber of these

hii?lily developcd orgaus wonld offer no difticulty. If we su})pose that

these structures could, by a progressive series of chang-es, be trans-

formed into rudimentary eyes, the function of one not being lost until

after that of the other had been acquired, then we could ac-

count for the i)resence of an unnecessary number of eyes in any one

animai.

As we hope to show more clearly in the last chapter, the so-called

eyes of Pecten , Area , Onc/ndnim and Cintoti are highly developed

heliophags. or organs for the absorption of energy from the sunlight.

The more light concentrated upon the energy-receiving surface
, the

more benefit the animai would derive from the light. An increase in

the number of these orgaus would also be a great benefit, providedthe

animals were nocturnal, or lived in dark places. It is, therefore . on

this supposition , not stränge that some animals should bave a great

many such organs in a high stage of development, for every additional

organ , or every step toward a more perfect structure , would be of a

correspondiug advantage to the animai; we can therefore offer some

reasonable explanation for the great number of such organs present.

This. however. would be impossible on the supposition that they were

mere eyes. for it would be very difficult to offer any explanation of the

use Arca could make of two highly developed eyes , to say nothing of

the 1200 such organs that it possesses! The same reasoning would apply

to Pecten, with from 60—100 highly developed eyes, and OncJddium

or Chiton with several thousand eyes each. But if it is impossible to

offer any plausible Suggestion as to the present function of these eyes,

how is it possible to account for their first appearance, and for the in-

numerable intermediate stages through which they must necessarily bave

passed before reacliing their present condition? These difficulties are

obviated by supposing that they were, or are, heliophags; we can tlien

account for their great number and high development according to the

theory of naturai selection. But we know from experimeut, that Arca

can see —in the ordinary sense —that is, even a very small object will

cause muscular contraction. A heliophag absorbs light energy, and

therefore the most perfect forms bave lenses or refractive bodies for

concentrating the light , or are constructed in the most advantageous

way for its reception; but these are just the conditions that an eye has

to fulfil, so that the most perfect heliophag could at the same
time be an eye. Heliophags, like those of Arca and Acicula, receive
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a Constant stream of energy , but if this stream is broken by tlie Inter-

vention of any object, a special irritation will be produced giving rise to

muscular contractions. The lieliophags of Arca are so perfectly con-

structed and so sensitive, that the slightest change in the light received

causes an irritation sufficient to produce strong muscular contractions;

it is, therefore, a heliophag of a high stage of development , and

might very properly be called an eye.

If the heliophag became so sensitive that the slightest changes in

the amount of light caused muscular contractions, we would bave the

first Steps towards the formation of an eye. If , by association, and by

the high development of the heliophag, certain light combinations i. e.

Images of certain objects, caused contraction, and others, equally in-

tense, not, then the heliophag would bave ali the essential character-

istics of an eye, but would not necessarily bave lost its primitive func-

tion of absorbing energy.

The 80-called eyes of Pecfen, Arca, Chiton^ and Onchidium repre-

sent various stage s of transition from heliophags to true eyes, but in ali

probability with their primitive functions stili unimpaired.

Nerve Endings.

In order to comprehend more fully the nature of the nerve endings

in the retinal layer, it is necessary to study the similar process on the

unmodified epithelium. Sections show that in the Mollusca indifferent

epithelial cells are usually very high and narrow, being constricted in

the middle, and ending at the base in several root-like fibres attached

to the basai membrane. In certain regions, notably on the Ophthalmie

fold, the cells are deeply pigmented at the outer ends
; they are covered

by a cuticula varying in thickness, and divisible into two layers, a thin,

refractive outer, and an inner one passing insensibly into the outer ends

of the cells. When these cells bave been successfully isolated, one

may see, in nearly ali, several nerve fibres extending along the wall of

the cells towards their outer ends. These fibres generally cling quite

firmly to the sides of the celi, but examples may be found in which they

bave been separated from the whole length of the wall, remaining attached

only at the outer extremity (PI. 30, figs. 50 and 53). I bave seeu cases

in which, to one celi, as many as five or six such fibres, several times as

long as the celi, were attached. In sections of the mantle edge pre-

served either in chromic acid, or picro-chromic osmic acid (Fol; and

mounted in acetate of potash, a perfect network of fibrillae, the general
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trend of which is parallel to the surface, may be seen beneath, or in the

inner layer of the cutieula. This nervous network, the rete terminale,

seems to be present in greater or less perfection thronghout the whole

hypodermis of the mantle edge, bnt is especially well developed either

near the eyes or in the pigmented portions. In some cases, large and un-

branching nerve fibres pass directly to the outer cuticular layer, where

they seem to terminate in one or more minute, stiif, sense hairs (PI. 30,

fig. 64 n.f. and PI. 32, fig. 153 (f). These larger nerve fibres expand, a

short distance below the basal membrane, into small bipolar vesicles

containing a nueleus. These structures are young ganglionic cells formed

by the elongation of the slender sense hair cells in the foUowing manner:

the nueleated basal expansion wanders into the underlying tissue, while

the external end becomes reduced a fibre, still extending to the outer

surface of the epithelium, and terminating in one or more sense

hairs. The outer end of the fibre then gives rise to minute cross fibril-

lae, which either adhere to the wall of the neighboring sense cell, or

unite with similar fibrillae from older nerve fibres; lastly, the tuft of

sense hairs disappears, and the conversiou of the sense cell into a bi-

polar ganglionic one is complete (fig. 153 e and/). Subsequently the

body of the bipolar cell gives rise to numerous secondary fibres which

unite with those from other cells, and so convert the bipolar cell into a

multipolar one, whose primitive outer end still retains its original Po-

sition between the epithelial cells, and extends into the cuticular layer.

This process of nerve formation may occur at any part of the mantle edge,

and is not confined to the larvai stage, but takes place also in the nearly

full grown individuai. Here then is the explanation of the uni-

versal intercellular nerve endings in the Mollusca, and un-

less degeneration of the outer ends of the nerves has taken

place, they shouldalways extend into the cutieula. Inno
case do nerves from the central nervous system unite di-

rectly with the sense cells of the epidermis. All the nerve-

ends in the hypodermis mark approximately the places where
ganglionic cells originated. The latter alone are directly

unite d on the one band with the hypodermis, andontheother

with the central nervous system. These facts must give a certain

bias to all our suppositions concerning nerve endings in the hypoder-

mis, for it is evident that, unless great secondary changes have taken

place, the nerves must terminate between the cells, and pro-

bably extend to their very outer ends; while, if we suppose that the

nerves from the central nervous system grow to war ds the eetoderm
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aud there unite wìth the cella, tliere is a possibility of a greater

variety of nerve endings, wliicli we must always bear in

mind in making any supposition.

There are numerous sense cells in the skin of the Mollusca, which

apparently terminate in a single fibre, which certainly does not ex-

tend along the walls of the cells. The latter pass so gradually into

these fibres that it is impossible to determine the limits of either. This,

then , appears to be an exception to the intercellular method of nerve

endings. Does the nerve fibre stand in direct communication with the

centrai nerve system? Ithink not. It seems to me that we bave exactly

the same condition bere as has been described by Hertwig for the

Coelenterates ; that is , there are. two classes of cells in the Mollusca,

constituting the greater part of the hypodermis; the myo -epithelial,

and the neuro-epithelial cells. The former consist of the ordinary

epithelial cells, euding in radiating, root-like fibres, the union of

which gives rise to the basai membrane, which is probably
homologous with the sub-epithelial layer of myo-epithelial

fibres of the Coelenterates. The sense hair cells, which
terminate in a single fibre, would then be homologous with

the neuro-epithelial cells of the Coelenterates. The iu-

ward prolongations of the scuse cells in the Mollusca are

not then nerve fibres, arising either fromthe nervous sy-

stem, orfrom peripheral ganglionic cells, but are simply

nervous prolongations of the sense cells themselves and

are probably united as their inner ends with a contractile

one which o ri ginatednear the sense celi, and which during

its iuward growth has drawn the nervous fibre of the latter

after it. The sense cells are provided with iuter-cellular nerve fibres,

in the same manner as the ordinary epithelial cells.

The centrai nervous system is simply a large group of ganglionic

cells, which originally arose in the same manner as the peripheral

ganglionic cells do now ; the invagiuation of the whole surface of the

hypodermis to form a nervous system is a secondary process. The union

of the centrai nervous system with the ganglia of remote sense organs

takes place in exactly the same manner as the various ganglionic cells

of a single sense organ became united with each other. The conversiou

of ordinary hypodermic cells into ganglionic ones could not be bette

r

illustrated than l)y the cells of the outer ganglionic layer in the eye of

Pecten (PI. 29, fig. 33).

Therefore in the origin of any scuse organ from a group of hypo-
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dermic cells. the iucrease iu number of nervous cells arising from that

point goes band in band witb tbc increasing- scusiti vcness of tbe organ,

and tiually givcs rise to a subjacent biyer of ganglionic cells united ou

tbe one band witb tbe central nervous system, aud on tbe otber witb tbe

sensitive cells, between wbicb tbe ganglionic ones bave arisen.

Tbe only difference between tbe so-called sense cells and tbe ganglionic

ones is tbat tbe former retain to a greater degree tbeir power of receiv-

ing Stimuli directly from tbe stimulating agents. wbile tbe latter,

witb increased sensibility, receive only tbose Stimuli wbicb bave

acted upon tbe former, and conduct tbem to tbe central nervous system.

Wesbould, tberefore, expect to find, and do find even in bigbly devel-

oped sense organs, many transitioual stages between sensory, and

ganglionic cells.

In tbe ontogenetic development of tbe bigber sense organs, we uo

more find a repetition of tbe pbylogenetic process, tban is found in tbe

central nervous system. Tbere is an invagination
, or tbickening,

of tbe place in question, witb a Separation «eu masse« of tbe ganglionic

and sense cells, and a subsequent outgrowtb from tbe nervous centre to

join tbe sense ganglioü. Tbese two processes , tbe Separation of tbe

ganglionic cells and tbeir union witb tbe central nervous system . are

easily studied in tbose organs wbicb are widely separated from tbe

latter. But wben tbe two structures originate from tbe same
place, as iu tbe eyes and brains of Arthropods, tbe origin of tbe brain

and tbe optic ganglion, and tbeir union witb eacb otber, may, ontogene-

tically, form a single process. Tbe united ganglionic cells, wbicb bave

arisen witb tbe sense cells, form tbe optic ganglion (Cepbalopods,

Worms, and Arthropods'. Tbe optic ganglion may be united witb

tbe eye by a primary, ganglionic optic nerve, and witb the

brain by a secondar y optic nerve, or outgrowtb of tbe central

nervous system. But, if tbe eye and brain are closely united, then tbe

optic ganglion will fuse witb tbe latter. and tbe secondary optic nerve

disappear.

Chapter IV. Oeneral Remarks upon the Arthropods.

Our studies bave sbown that the eyes of Arthropods, like tbose of

Molluscs . consist of ommatidia , tbe structure of wbicb is dependent

upon tbe shape of tbe eye.

Tbe compound Arthropod eye consists of a double layer of cells
;

the ommateum, and tbe corneal hypodermis; tbe latter has been
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invariably overlooked by Grenacher
;

the ease with which it may be

demonstrated in such differeut genera of both Insects and Crustacea

as 3Ia?itts, Masca, Penaeus, OrcJiestia, BrancJtipus, Galathea^ Pagurus

and Palaemon r enders it highly probable, even if not beyond ali doubt,

that it occurs in ali faceted eyes. Wherever the corneal hypodermis

Ì8 present, the corresponding configuration of its cells and of the corneal

facets , or when these are absent the corneal markings
,

prove that

to this layer the corneal cuticula owes its origin. In the absence of

positive evidence , it w^ould be unreasonable to suppose that in other

compound eyes the cornea was due to a different source. Weare there-

fore compelled to admit that the corneal hypodermis is univers-

ally present in the compound Arthropod eye, and always
gives rise to the corneal facets. It is probable that the corneal

cells may in some cases be regarded as more than simple constructive

Clements; their radiating fibres and their general shape in Galathea

render it almost certain that they play a physiological part in re-

gulating the amount of light, and therefore acting as a sort of iris.

The general structure of the ommatidia remains about the same

as in the Mollusca; there is a teudency, however, towards an increase

in the number of retinophorae, which reach four, or very rarely five,

in the compound eye, while in certain aberraut forms , as Limulus^

they may increase to as many as 8 or 10.

In the Mollusca, we bave seen that a naturai result of the evaginate,

convex arrangement of the ommatidia is an expansion of the outer ends

of the latter
,

and a reduction of the retinulae to protective purposes.

An exactly similar series of chauges follows the evagination of the

Arthropod eye. The retinophorae of each ommatidium bave increased

to four equi valent cells, showing no trace of the Subordination of

one, accompanied by the predominance of others , as is the case in

Mollusca. The terminal, cuticular secretions, orrods. by a

series of changes to be shortly enumerated, bave been
transferred to the axial faces of the outer ends of the reti-

nophorae; they there unite to form the crystalline cones, to

accommodate which the outer ends of the retinophorae are

enlarged into a cup-like expansion, the calyx, while their

inner ends are reduced to a slender tube, or style, serving at

once as a support for the calyx, and as a protective canal for

the axial nerve.

The compound eye of Arca is extremely valuable for comparison

with that of Arthropods: firstly, because it is very simple, and may be
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traced back to an invaginate eye in whieh the retinulae also played

primary roles: it is therefore easy to determine what conditions are

essential. and what are the results of a simple moditieation in form;

secondly, by a comparison of the Molluscan and Arthropod compound

eye, betweeu whieh there is not the slightest genetie relationship,

we may possibly arrive at some conclusiou as to what elements of

the Arthropod eye are essential , and what secondary to vision ; or in

other words . what characters may be regarded as morphological
, and

what analogous.

A primitive ommatidium may be regarded as a eolorless (single?

or Compound) cell, provided with a terminal rod and an underlying

reflective part, and surrounded by a circle of pigment cells. When
the eolorless cell, or retinophora, of an evaginate eye assumes

a more important part, the pigment cells become modified into

circles, one surrounding the rod, and another the reflective part; e. g.

Area. An analogous condition prevails in Arthropods, where the

retinulae are modified into two principal circles; an outer one of

comparatively light-colored cells, surrounding the calyx
, and au inner

row surrounding the reflective part, or pedicel; other pigment cells

may be present, but they show a less Constant and uniform arrangement.

A layer of irregulär cells is quite widely present in the compound

Arthropod eye, around the bases of the ommatidia, just above the basal

membrane. They contain little or no pigment, but are often filled with

highly refractive crystals, milk- white in reflected, yellowish or eolorless

in transmitted, light ; they are often so refractive that when seen in the

latter manner they may appear nearly black. The outer row of retin-

ulae may be di vided into secondary circles , of whieh the very outer

one often contains crystals similar to those over the basal membrane
(Penaeus). The middle row of retinulae, the retinulae of Grenachek,

are most Constant in number and shape, seven being usually present;

four, and less often six, cells surround the calyx.

The style of the retinophorae consists of a structureless tube whieh

towards its inner end often breaks up into numerous, striated, refractive

plates, the Striae running at right angles with each other in alternating

plates of different refrangibility. The faces of the plates are never pa-

rallel with each other. The frequent absence of the pedicels in

those Arthropods that can See well, together with the absence
of nerve fibrillae, indicates that they are not essential struc-

tures. It appears that the pedicel is more frequent in nocturnal, than

in diurnal, Insects. I must confess that I am very loath to make any
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statement about the style and pedicel, except that they are not concerned

directly with vision; but the facts enumerated point in a certain direction,

and, in the absence of any proof to the contrary, we must not hesitate

to point out what that direction is , knowing perfectly well that the

evidence is likely to turn in this, or that direction , with the accession

of new facts.

The facts then to be considered are the following: (1) in theMolluscs,

one finds in the retinophorae , beneath the rods , a refiecting- surface

composed of refractive granules
; (2) in the compound eye of Arca , the

reflective granules are surrounded by a special circle of retinulae; (3) in

the absence of the granules, a special refiecting membrane, the argentea,

is developed, serving the same purpose {Pecten)
; (4) behind the latter is

a layer of red pigment, the light from which may pass through the

argentea to the rods; (5^ the argentea consists of colorless, refractive

plates, the angles of whose faces are so arranged as to cause the reflec-

tion of incident, and interference of transmitted light. If now we
consider, for the sake of argument, that the pedicel is a refiector, we
bave the following poiuts of comparison with similar structures in the

Mollusca: (1) A continuous argentea being absent we bave instead, at

the base of each retinophora, a collection of refractive plates, whose

structure renders it highly probable that they bave the same optical

properties as those of the argentea in Pecten and Cardium\ (2) the

plates are formed by the retinophorae under the rods, as in Arca, and

not by the retinulae
; (3) they are surrounded by a special circle of

retinulae, as in Arca
; (4) in the absence of a red tapetum, the coloring

matter is lodged in the plates themselves; they therefore possess the

combined fuuctions of argentea and tapetum
; (5) the red light from the

plates passes through the styles to the crystalline cones, as is shown

by examining with the naked eye the red light issuing from the eyes

of nocturnal Lepidoptera, in which the pedicels and their red color is

specially developed.

The argentea is to intensify the effect of the light, and is there-

fore best developed in those eyes where it is necessary to obtain a

great quantity of light, or in nocturnal, or deep sea animals, which need

to economize the light. The presence of the pedicels in nocturnal

Lepidoptera indicates a similar function.

The most characteristic thing about the Arthropod eye is its con-

vexity , which has its advantages in an economic arrangement of the

peripheral ends of the retinophorae. This arrangement is favored by

the hard, chitinous skeleton of the eye, aflfording a protection for the
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otherwise exposed soft parts. T li c o mma t e a 1 1 a y c r
, a 1 1 h o u g li d i

-

videdwitli great distinetuess iiito several zones, consists

(excludiug nerve fibres) iu the strongest sense of the word
of a single layer, since each cell extends from the basal

membrane to the corneal eells. The great thickness of the om-

mateal layer is probably due to the additioual strength and firmness

thus obtaiued. The bacilli may be regarded as Supports for the

pigment cells, and the style, as a similar modification of the retiuo-

phorae, whose bacilli have fused to form a lioUow tube for the protec-

tion of the axial nerve.

If we were asked to arrange a fiat layer of cells in the most

economic manner, of course with certain limitations, and without

changing the size of the outer ends of the cells , we should have to

arrange them in a hemispherical mass . the inner ends being reduced

in size to fibres. The problem has been solved in the same manner

by the Arthropod eye. The greater the number of ommatidia,

the greater is the curvature of the surface and the depth of

the layer.

It cannot be saidthatGRENACHER, or any of bis predecessors, per-

haps with the exeption of Schultze who has represente d the fibrous

markings ou the style and calyx , have succeeded in demonstrating

anything like nerve endings in the Arthropod eye. To assume, having

seen nerve bundles penetrate the basal membrane, that they terminate

in this or that place, is a pure supposition and of absolutely no value,

until oue at least is able to draw some reasonable comparison between

the presumable nerve end cells and those in the retina of some other

group, where it is knowu what the sensitive cells really are. That both

these criteria have been wanting in the Arthropods is well known. My
observations h-ave shown that it is only in the most simple forms of

ommatidia that the retinulae produce rods. In all other cases they are

the product of the colorless cells or retinophorae. In Arthropods it

Ì3 the same; the colorless cells with their various parts are

the essential Clements, the pigment cells, or retinulae of

Grenacher, having nothing to do with the formation of the

so- call ed rhabdom. One might discuss the subject, and offer ob-

jectious to Grenacher's theory, indefinitely, and never come to any

more decisive conclusion. Grenacher's whole work hinges upon

the supposition that the rhabdoms are secreted by the retinulae which,

according to him, form a layer of cells, distinct from those of the crys-

talline cones. Ibelieve we have proved that the inward con-
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tinuations of the crystalline cone cells consti tut e the «rhab-

doms«, in whose formation the retinulae take no part what-

ever. Ifthis Observation alone iscorrect, theentireresults

of Grenagher's work must fall to the ground.

If the retinulae are not the essential elements, what then are?

Theyarethecrystallineconecell8,which,morphologically,

must he the essential elements, when compared with those

in the Mollusca and simple eyes of Arthropods. But hesides

the morphological necessity for considerine them as the

essential elements, we have, in addition, a physiological

one,sincewehaveprovedthatinthemthenervesterminate,
forming that system of cross fibrillae, so characteristic of

the Molluscan rods, called a retinidium. Thereis a third

reason for considering the crystalline cone cells as essen-

tial elements. for upon their retinidia there is a Constant

effort to throw the greatest amouut of light, often in the

form of a perfect image. The structure of the retinidium coincides

with that of the Mollusca, in that it consists of successive layers of cross

fibrillae, radiating from one or more axial fibres, and uniting with

nerves on the outer wall of the calyx. The fibrillae of the retinidium

may be supported , as in the rods of Molluscs, in a firm chitinous

secretion, the crystalline cone : or the secretiou may be fluid, or so in-

consistant as to be destroyed or dissolved by reagents, as in Mantis and

Musca. The facts we have enumerated furnish us with entirely new

data for comparisou, and without further consideration for the present

of Geenacher's views, we will see in what direction they lead us.

It is, of course, no louger possible to compare the vitreous cells

of the simple eyes with the crystalline cone cells , or retinophorae , of

the compound eye. The undoubted homologue of the vitreous

cells, however, is to be found in the corneal hypodermis of

the compound eyes: the position and function of both layers

point to this conclusion. There is no course open except to

compare the two remaining layers with each other. Let us take , for

instance , one of the lateral eyes oi Seor pio, and it will be found,

according to Graber and Lankester, that the ommateum consists of

ommatidia each one composed of five centrai, colorless cells, or

retinophorae, hearing on their axial faces a cuticular secretion, or

rod. The retinophorae are surrounded by two or three circles of pig-

ment cells, or retinulae. Here then the colorless cells scerete the rods.

while the pigment cells play only secondary parts. It is exactly the
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same in the compound eye: the axial faces of the colorless eells secrete

rods which fuse to form awrhabdom«, the cry stalline cone. In some

of the simple eyes of Spiders, exaetly the same condition prevails, except

that the retinophorae are double like those of Molluscs, instead of five-

fold like those of Scorpions. This comparison will be made much

clearer by referriug to the diagrammatic fig-ures on PI. 32.

Although there appears to be uo doubt about the homologies of the

compound eyes in Insects and Crustacea, the most diftìcult problem has

not been solved, and that is the relation of the compound eyes to the

stemma, and the ocelli of the Myriapods and Spiders. First let us

cousider the structure of the median, and lateral eyes of Myriapods and

Spiders. The question here is, are the lateral eyes double layered like

the median ones? Opinions, unfortuuately, seem to differ on this point.

I believe that both are double layered, and hence morphologically

identical orgaus. If it can be proved in a single instance that, in the

lateral eyes of Spiders, or in any of the ocelli of the Myriapods, such

aB LifJiobius oi'Julus, a vitreous layer is present, giving rise to the

cuticular leus, it is highly probable in the absence of positive evidence

to the contrary, that it is always present. We need go no farther than

Grenachee's (59) own paper to find this evidence ; any one must be ho-

pelessly prejudiced not to see that, in PI. 20, fìgs. 2, 3, 4, 5 and 9 of bis

paper, a nucleated layer must exist between the retina and the lens.

But if the corneal lens is formed by a distinct hypodermic layer in one

instance , how are we to explain the formation of a lens in the very

same, or nearly related, animals without the hypodermis? The simplest

and only advisable course is to suppose that it likewise exists in the

other forms, but has been overlooked. That such errors of Observation

are to be expected , will be evident by recalling the conspicuous Cle-

ments, i. e. the bacilli and the corneal hypodermis, which bave

escaped notice in the compound Arthropod eye, where the difficulties of

Observation are far less than in the simple ones. Moreover we bave the

asfeiirauce of Graber that ali ocelli possess a vitreous layer. In spite

of the torrents of abuse that Grenacher has showered upon Graber
forhisdiscoveryandmisinterpretation of afew extra nuclei in the

retina of Myriapods, Spiders and Scorpions, it is tolerably certain, that

if Graber has made some unfortunate interpretations , he has also

made several accurate and valuable observations concerning structures

which bave entirely escaped Grexacher. A person who admits that

bis observations are full of gaps and errors , and who invites criticism

with the assurance that it will be thaukfully received, should, it
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seems to me, treat those kincl enougli to respond to the call, with cou-

sideration, forpersons treated otherwise are liable totake offence, and

may find more mistakes than was anticipated.

There seems to be very little to clioose betweeu the »flüchtige

Streifzüge« ofGRABER, and the «eingehenderen und genaueren

Studien« of Grenacher. The former has helped outhis observatious

with too much theory, the latter has helped his theory with too

little Observation. Now since the doctors disagree, it is only left us

to choose our own course, picking out, when possible, those facts

which seem to poiut in the right direction. Therefore, in the absence

of all positive evidence to the contrary, and possessing a few facts in

the affirmative, we will conclude for the present that all the

ocelli of Myriapods and Spiders possess a vitreous layer. But

the ocelli of Hexapods are undoubtedly homologous with the simple

ocelli of Myriapods and Spiders, therefore, they likewise must possess

a vitreous layer. Here, also, we have confirmatory evidence, since

Grenacher and Giaccio have figured the ocelli of Musca, and Carri-

ère, of Polistes gallica, with a vitreous layer which we may assume is

always present.

But what is the relation between the compound and simple eyes?

The evidence and the probability is very strongly in favor of the sup-

position that all ocelli and compound eyes are dipoblastic; the vitre-

ous layer of one, being homologous with the corneal hypo-
dermis of the other. The compound e^e must have originated in

1 one of two ways; 1) by the fusion of many ocelli, or (2) by the modi-

I fication of a single ocellus.

Let US first form some idea of what the primitive Arthropod eye

was like, that we may see in what direction subsequent modification

tended to lead it. It is very probable that the aucestral Arthropods,

like many Annelids of today, were provided with numerous invaginate

eyes situated upon both sides of the head. By the deepening of the cup

and ingrowth of the lips, a closed optic vesicle was formed; the entire

organ consisted of three layers' (PI. 32, fig. 141); (1) the thick inner

wall of the optic vesicle, the retineum; (2) the outer wall, or

vitreous layer, secreting the vitreous body
; (3) the corneal hy-

po dermis, producing the corneal lens, when one was present.

The central eyes oi Scorpio (Lankester, PI. 32, fig. 145] and those

1 We shall not consider the connective tissue fibres which may intervene be-

tween the corneal hypodermis and vitreous layer, as a distinct layer.
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of certain Spiders (Grenachek) seem to be formed of three layers; the

middle fibrous one probably represents the outer wall of an optic vesicle

together witli the connective tissue layer. lu Peripatus all four layers

are preseiit PI. 32, fig. 142). In these primitive eyes, it is probable

tliat the retinulae were reduced to cover cells, while the retiuophorae

alone gave rise to the rods. Judgiug from the strueture of the cells aiid

rods as seeu in the simplest larvai ocelli, i. e. Phryganea, it is prol)-

able that the retinophorae were very similar to those of the Mollusca

and Worms Alciopidae) , i. e. composed of double cells and double rods

PL 32. fig. 141) ; from such a simple retina, or retineum, the more mod-

ified Arthropod ocelli bave origiuated. The modification was in

two directions: (1) an increase in the number of optic ves-

icles, accompauied by a reduction in the number of omma-
tidia, which at the same time acquired additional size and
complexity ; and (2), a decrease in the number of ve si ci es, ac-

compauied by an increase in the number and complexity of

the ommatidia. That the optic vesicles may varyin number is suffì-

ciently shown by the Mollusca and Worms. Cbanges in the number
of eyes are always accompanied by variations in structure.

The lateral ocelli of Limulus may be regarded as optic ves-

icles whose inner wall has been reduced to an ommateum
containing but one ommatidium. A comparison with an ommati-

dium of the ancestral eye will show how far the specialization has been

carried: one sees that the retinophorae of each ommatidium bave been

increased to 10 in number. while upon their axial faces are formed the

rods. The changes, then, undergone by the lateral eyes of Limulus

were an increase in the number of ocelli, with a conversion of the an-

cestral retineum iuto an ommateum, the rods being transferred!

from the apices of the retinophorae to their axial faces. The number \

of ommatidia was theii reduced to one, while their retinophorae were

increased from two, to ten. In the centrai eye, the reduction in the

number of ommatidia has not proceeded so far, there being about 20 '

according to Lankester); neither, as we should expect, is the spec-

ialization of the individuai ommatidium so great, since each one pos-

sesses ouly six or seveu retinophorae.

If we seek for some other form, in which the series of changes

supposed to bave been undergone by Limulus has been less extensive,
|

we shall find it in the Scorpions. Here, the lateral eyes bave increased '

but little in number, while there is a correspondingly small decrease in

Mittheilußgen a. d. Zoolog. Station zu Neapel. Bd. VI. 45
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the niimber and specializatiou of the ommatidia. The centrai eyes i

only diifer frorn the lateral ones in the larger number of ommatidia, and

in the greater development of the vìtreous layer; in both, the retino-

pliorae of each ommatidium are only increased to five in number. Both

Limuìus and Scorpio must be regarded as diverging- in the sanie direc-

tion from the ancestral form. Limulus being the more remote.

The Myriapods are characterised by the small number and uni-

formity of their ocelli. They in this respect approach more uearly the

ancestral form. It is in no way clear what the structure of the omma-
tidia in the Myriapods, is. Graber's observations are not complete

enough, while Grenacher seems to bave been more intent upon making

pretty drawings, than upon elucidating the actual structure of the retina.

The observations of both authors are so widely dififerent that it is diffi-

eult to select what seems to be the most probable. It would be of great

vaine, in determining the relative position of the Myriapod eye, to show

whether the rods are terminal, that is forming a retineum, or axial,

forming an ommateum similar to those of Scorpions and Spiders.

If the former should prove true , as seems probable , then the eyes of

Myriapods would be the most nearly related to the presumed, ancestral

form. Whether the lateral, horizontal rods are normal is not certain : it

might be supposed that they were really situated on the floor, and as-

sume their horizontal position by a lateral collapse of the vesicle, caused

in some way by the reagents
;

or it is possible that they are not rods

at ali, but simple stratifications of the vitreous body.

The comparatively small number of eyes in Spiders indicate that

they bave in that respect not departed very much from the ancestral

form. But the most interesting fact connected with them is the differ-

entiation of the ommatidia in the anterior and posterior ocelli. In ali

the ocelli, bere, as in Myriapods, there is an undoubted vitreous layer

present. In many anterior ocelli the rods are apical, that is, retain

their primitive, terminal position, forming a retineum. In the larger,

posterior eyes, there is a tendency for the rods to become axial, form-

ing au ommateum. That this type of retina has not departed far from

the originai condition, is shown by the primitive double rods, and con-

sequently, the double retinophorae. The manner in which a double,

i

1 Of course it must be recollected that both Lankester and Grenacher
deny the existence of a vitreous layer in the lateral eyes of Scorpions and Limulus,

while Graber states that in the former such a layer is present ; for theoretical

reasons I aui obliged to assume that this layer is always present.
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apical rod like that of Pecten. Area, or Phryganea, may be transformed

into an axial cone. like that of the posterior eye of Spiders, is sliown

in the diagram (PI. 32, tigs. 132—138).

In the simpler eyes. whcre the retineum still exists, the retino-

phorae seem to be formed of double cells ;
only oue nucleus is well

developed, the other is probably reduced in size and distinctness, as

in Molluses and in Worms. With the development of axial rods in

Spiders, one or two) nucleus may be found at the outer end of the cells,

above the rod, as in the compound eye : in other cases it seems to be

below. In spite of the interesting modification of the ommatidia in the

anterior and posterior ocelli, there can be no doubt that they represent

different phases of morphologically identical structures ; the posterior

eyes being simply a higher modification of the anterior ones.

In the Hexapoda, we have the most difficult question to deal

with ; the divergeuce of structure in the two kinds of eyes is so great

that doubt arises as to their morphological identity. The compound eyes

whether formed by one modified ocellus, or by the fusion of many,

have progressed wonderfully in structure and fuuctional powers. The

simple eyes, however, have remained nearly the same ; and the presence

of a vitreous layer, and of the terminal rods, shows at once their identity

with the anterior ocelli of Spiders, and their very slight departure from

the ancestral form. But what are the compound eyes? A group of

united ocelli, or a modification of a single ocellus? Three classes of

facts must be considered in answeriug the first of these questiona : (1) are

there any existing stages of such a fusion to be found in the possible,

existing ancestors of the Insecta? (2) are there any traces in the

perfeeted eye itself of any ancestral fusion? (3) does embryology

give any evidence on this point? On the other band, the same in-

quiries may be made concerning a supposed progressive modification

of a single ocellus into a compound eye. These two suppositions seem

to be the only permissible ones.

First, then : are there any existing stages in the ancestors of the

Insects, showing a tendency for the ocelli to fuse into compound eyes?

First let US decide upon the possible ancestral forms. There are Limu-

lus, Scorpions, Myriapods and Spiders. The first two may be excluded,

since we have shown that they diverge from the ancestral forms in a

direction diametrically opposite to that of other Arthropods. There are

then remaining Myriapods and Spiders as possible ancestors of the

Insecta.

What, now, would be the indications that a fusion of the ocelli, to

45*
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form a compound eye like that of Insecta, was taking place? Weshould

expect an increase in the uumber of ocelli, accompanìed by a reduction

of each retineum to a single ommatidium with axial rods. There

does not appear to be any evideuce of this kind in either of these

groups. The ocelli are notnumerous; they remain perfectly distiuct,

each one surrounded by its basai membrane, and provided with a

single optic nerve
; the retinenm shows no traces of reduction to a

single ommatidium; and the rods are apical. In Spiders there is much

less evidence of such changes than in Myriapods. In the latter group,

Scutigera promises to give a solution to this problem. Whether its

systematic position is beyond doubt, remains to be seen. The obser-

vations of Grenacher alone are too uncertain to decide the question.

and besides it would be exactly as difficult to suppose, with our pre-

sent knowledge of the subject, that the eye oi Scutigera was formed

by the union of many ocelli, as by the modification of a single one.

Therefore, in spite of the interest that must centre upou a more accurate

knowledge of its structure, we must leave it for the present, and be

satisfied with more definite evidence,

(2) Is there any evidence in the compound eye itself, that it was

formed by the fusion of ocelli? If such had been the case, we should

expect to find around each ommatidium some trace of the counective

tissue capsule which formerly surrounded the ocellus. In some of th«

simpler compound eyes, where we may suppose that the modifications

of the ocelli bave been less extensive, we should surely expect to find

some indication of this membrauous capsule, a structure which, by its

almost universal presence in the isolated eyes, could not be so quickly

disposed of in the aggregate condition. Around each ommatidium
there is, however, not the slightest trace of any capsule

arisingfrom the basai membrane, noristhereanyinfolding
of the same, which might be interpreted as a remnant of the

basai membrane belonging to a primitive ocellus ! But even

if we suppose that such infoldings once existed and bave now disap-

peared, we surely ought to find some trace of the originai arrange-

ment of the ommatidial cells in isolated groups. The circular arrange-

ment of the retinulae around the retinophorae is a very ancient

one; and, as we bave seen, the position of the cell-ends upou the

basai membrane is very Constant, and furnishes a valuable key to the

relation of the circles of retinulae to the retinophorae. If, then, each

ommatidium is to be regarded as the remnant of au ocellus, the position

of the cell-ends, which furnish us with the safest evidence, should show
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some traces of their primitive aiTaugement upon restricted areas oftlie

Compound basal membrane. But cur studies upon the basal meuibrane

of Fenaeiis liave showu just the opposite of what we should expect,

provided the supposition was correct. for we have proved that the

inner ends of cells belonging to neighboring ommatidia,

instead offormingisolatedgroups, inte r min g- le with each
otherinsuchawaythat.unlcssonefollüwedthecellsfrora
each ommatidium inward, it would be impossible to say

whether thev belouged to the same, or different omma-
tidia! We have, moreover, seen that in the Spiders and Myriapods

each ocellus receives a special nerve brauch. Now if each ommatidium

represents an ocellus , it should also receive a sing-le nerve brauch,

going to its cells alone. But this is not the case, for I have shown that

in Penaeus, although the number of nerve bundles is equal to the num-

ber of ommatidia, each nerve bündle breaks up into se-

veral smaller ones going to four different ommatidia!
As far as the third question goes —Does Embryology show any

evidence of fusion? we are not in possession of any very important

evidence. Neither my own observations, which in this direction have

been very scanty, nor those of others, have shown any indications that

the compound eye was formed by the fusion of ocelli.

Wehave now to ask the same question concerning the progressive

development of a single ocellus into the compound eye, and then, by

weighing the evidence for. or against each supposition, we may be

able to arrive at some conclusion.

Do we find any evidence in the ancestors ofthe Insecta of trans-

itional stages between a simple and a compound eye ? In Myriapods the

answer is short: all eyes are alike, and are the simplest form of simple

eyes. In Spiders, the anterior ocelli retain their primitive, undifiPerentiat-

ed condition. and the percipient Clements form a retineum; but in the

posterior eyes the ommatidia have undergone a series of changes to-

wfe,rds a higher form. But what are the changes necessary to convert a

primitive ocellus into a compound eye? In order to simplify matters,

let US first determine what the simplest condition of the compound eye

is. The presence of the corneal facets in certaiu higher forms, only, of

Insects and Crustacea indicates that they are of late origin
; moreover

the presence of a thick corneal hypodermis, and the absence of corneal

facets in such animals as Branchipus, the Isopods, Amphipods and many
Insects, show this condition to be a primitive one. The retinophorae

are usually four in number, but we have seen in Penaeus and Galathea
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that one of the planes of di vision is more distinct than the others, aud

that the inner ends of the cells show traces of a paired arrangement.

Weinterpret these faets as indicating that thepresent, quadruple
retinophorae were originally double; and in fact we do find

certain Crustacea, the Amphipods and Isopods, in which the paired

arrangement is a permanent condition. The majority of these simpler

eyes formflattened, or slightly protuberant, surfaces containing butfew

ommatidia. An eye with the following features could, then, be con-

sidered as one of the least specialized and primitive forms of the com-

pound eye : a facetless cornea ; a thick corneal hypodermis ; a small

number of short ommatidia containing double retinophorae provided with

two, large, axial rods which form a nearly terminal crystalline cone
;

Semper's nuclei may be above or beneath [Musca, Hickson) the retinidia
;

and finally, the entire ommateum forms a nearly fìat surface. How, then,

does such an eye compare with the lateral ones of Spiders ? It seems

to me that the resemblances are so striking that they hardly require

enumeration. In Spiders, the terminal rods bave become
axial; forming a double refraetive body homologous with
the crystalline cone; in some cases, one or two (?) nuclei bave

shifted their position so as to lie above the rods. That the apical posi-

tion of the nuclei, above the rods, in the compound eye, presents no

morphological difficulty, is shown by the frequeucy with which their

position is changed in Spiders, sometimes being above, and some-

times below the rods. In the simplest ocelli with terminal rods, the re-

tinulae form a single, or probably, at most, a double zone; with the

formation of an ommateum by the development of axial rods, the

retinulae show a strong tendenc}^ to form two or three zones sur-

rounding corresponding parts of the retinophorae. Grenacher has

net described any nuclei in the retina of Spiders, except those of

the retinophorae
; but we may be sure that the pigment is deposited

in distinct cells, just as in Scorpions and Limulus ^ whose nuclei

bave been overlooked by Grenacher and misiuterpreted by Graber.

In Spiders, as has been shown by Lankaster and Bourne for Scorpio

and Limulus, the outer and middle nuclei of Graber must be referred

to an outer and middle (and inner? row of pigment cells, or retinulae!

Then each ommatidium of the middle eye of Spiders would consist

of a double retinophora with axial rods surrounded by two or three

circles of retinulae (PI. 32, figs. 137 and 146). Such an ommatidium

agrees, in ali essential respects, with an ommatidium of a compound

eye like that of Gammarus. The only change necessary to convert
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a lateral eye of Spiders into a compound one , woiild be to reduce the

thick lens to a thin cuticular layer, and decrease the depth of the

ommateal cup; or. viceversa, to change an eye like that of Gammarus

into au ocellus. we have only to increase the thin corneal cuticula

into a thickened cuticular lens.

To recapitulate • we have answered, as nearly as possible, the six

questions proposed above. To the question: Does 1) comparative

anatomy. (2) histology or (3) embryology give any evidence of a present,

or past, fusion of ocelli to form a compound eye, we are obliged to

answer, no; even a very thorough study has proved that just those

features are absent that ought to be present, provided any fusion had

taken place! (l) We find no traces in the possible ancestors of the

Insects and Crustacea of a union of ocelli, that could lead up to the

present compound eye. [2) We find no evidence in embryology, or

in the simple forms of compound eyes, of any fusion of Clements; the

faceted cornea, which on this supposition, i. e. that of fusion, should

represent the primitive condition and should therefore be found in the

lowest types, is on the contrary a highly specialized condition only found

in the higher forms, and is entirely absent in the lowest. (3) Careful

study has failed to reveal the presence of any structural peculiarity,

such as envelopes for the ommatidia, arrangement of their cells, struc-

ture of the basal membrane, or of Innervation, which could in any way
be interpreted in favor of such a supposition. In fact the evidence is

all against such a mode of thinking.

On the other band, our questions concerning the supposition that

a compound eye is formed by the progressive modification of a single

ocellus have received the following answers: (1) we do find stages in

the Spiders where a single ocellus has developed into an organ that

only insignificant changes would suffice to convert into a compound

eye like that of Amphipods and Isopods
; (2) embryology shows that

the very thin and degenerate (shown by faint staining of nuclei) corneal

hypodermis of the more specialized compound eye , assumes , in the

larvai stages, a greater proportional development, rendering its homo-

logy with the important corneal, or vitreous layer of the ocellus more

intelligible
; (3 we find a complete identity in all essential parts be-

tween the ommatidia of a compound eye and those of an ocellus.

When to all this evidence against the first supposition we add

that obtained by comparing all the fundamental changes necessary

for the conversion of a group of ocelli like those of the Myriapods into

a compound eye like that of Insects and Crustacea, and the disappearr
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ance of all evidenee of such a change, —with the slight modificatious

necessary to convert an ocellus like the lateral one of Spiders into a

similar organ, the evidenee in favor of the latter supposition is so

strong that there is no course left bnt to adopt it.

We bave, therefore, arrived at the following conclusions: (1) that

the ancestral forms of ali Arthropods were probably pro-

videdwith a small number of eyes placedoueach side of the

head; (2) these eyes consisted of closed optic vesicles,

formed by invaginations lying dose beneath the hypo-
dermis, which formed a continuous layer over them

; (3) the

deep wall of the vesicle formed a retineum, similar to that

of Worms and certain Mollusca, composed of colorless,

double retinophorae, hearing terminal rods and contain-

ing an axial nerve fibre: each retinophora was surrounded

by circles of rodless pigment cells: (4; the outer wall of the

optic vesicle secretes a cuticular, vitreous body, similar

to that found in the optic vesicle of Worms (Alciopidae and
Molluscs [Fissurella etc)

; (5) the hypodermis overlying the

optic vesicle (corneal hypodermis) gave rise to alenticular

thickening of the cuticula, the lens. Such a primitive form,

which closely resembles typical Molluscan. and Worm eyes, has under-

gone no great modifìcation in the simpler ocelli. In general, the modifi-

cation has been in two directions : (1 ;
an increase in the number of ocelli,

accompanied by a decrease in the number of their ommatidia: this is in

turn accompanied by an increased complexity of the ommatidia; and

(2 , a decrease in the number of ocelli accompanied by an increase in

the number and complexity of the ommatidia. The condition of the

lateral eyes of Limulus indicates that the development of axial rods,

in place of the terminal ones, was the first step in the modifìcation

of the ommatidia. Afterwards, eame a decrease in the number of omma-

tidia with an increase in the number of retinophorae.

According to this description , then , the median eyes represent a

less modifìed condition of the archaic eyes, than the lateral ones. The

eyes oi Limulus represent the extreme modifìcation, in this direction,

of the ancestral one , while those of Scorpio bave progressed in the

same direction, but bave stopped at an intermediate point. Lankester

regards the lateral eye of Limulus as a »monostichous, polymeniscus«

eye, and therefore a modifìcation of a single ocellus into a compound

eye. I am, on the coutrary, as has already been said, inclined to regard

it as a group of ocelli, whose ommatea are reduced to single, complex
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ommatidia. Tbis is tlierefore just the opposite to what takes place

in the higher Arthropods, where a compound eye is due to the modifi-

cation of a single ocellus. I am conscious that the opponents of the

latter view might see here a contradiction, and could urge with some

plausibility that, if the lateral eye of Lwiulus is due to an aggregation

of many ocelli, it furnishes just the Illustration desired to show that the

faceted eye was produced by a similar, but more extensive series of

changes. But we have already given reasons for believing that the

changes undergone by the eyes of Limulus would never lead up to a

typieal compound eye, —in fact their development has been in a dia-

metrically opposite direction —and that the resemblance is of the

most superficial and iusiguificant nature.

The condition represented by the eyes of Limulus and Scorpio is

as far removed from the primitive type, as are the compound ones of

Insects and Crustacea. But this condition is attained by a great reduc-

tion in the number of ommatidia without a corresponding increase in

their functional powers. When \nq compare the direction of their

development with that of the ocelli which give rise to the compound

eyes. we must admit that, if the development of the latter is upward,

towards organs of greater structural complexity and functional activity,

then the former are tending in the opposite direction, downwards,

towards greater structural simplicity and less perfect functional activity.

In the Myriapods, the eyes have remaiued nearly stationary;

there has been no great change in the number of ocelli, or in the con-

dition of the ommatidia, which retain their primitive characteristics, in

that their rods are terminal and form a continuous layer, a retineum.

In the Spiders, most of the ocelli have likewise remained nearly

stationary, the ommatidia forming a retineum; others, the posterior eyes,

have undergone important changes, not so much on account of their

extent, as direction. These changes carry such ocelli nearly

to the le vel of typieal compound eyes. The changes consist in the

development of double, axial rods. terminal nuclei for the retinophorae,

and two or three ;? circles of retinulae, an outer (middle?), and inner

one. The primitive, double retinophora is in direct contrast with the 5

and 10 fold retinophorae oi Scorpio a,nà Limulus. To change such an

ocellus into a compound eye, we have only to reduce the corneal lens

to a thin layev and flatten the ommateum. A necessary result of these

changes would be a more perfect Isolation of the retinophorae, and con-

sequently a better development of the retinulae. A compound eye being

once formed, it is further perfected by the development of a corneal
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facet, or lens, for eaeh ommatidium ; the number of retinophorae iu-

creases to four, and two well defined and Constant circles of retinulae

are developed, an outer row surrounding the cone, and an inner oue,

the stalk of the retinophorae, or the reflector when one is developed.

The circles of retinulae may increase, in certain cases, to three or four.

It will be seen that, as far as the conversion of a so-called double

layered ocellus, or stemma, into the compound eye is concerned, I agree

more with Lankester than with Grenacher; but there the resemblance

ceases; Lankester has, in other respects, foUowed Grenacher in re-

garding the crystalline eone cells as homologous with the corneal hy-

podermis of the simple eyes. In confirmation of bis supposition, Lan-

kester alleges that there is a tendency in the simple eyes to become

retinulate; this is especially true in regard to Scorpions, and upon this

fact he seems to base bis conclusions, As we bave showu, this

statement is true not only of Limulus and Scorpions, but is

likewise the case in ali eyes, since ali are formed of omma-
tìdia showinga greater or lessamount ofsegregation. The
relation of simple eyes to compound is not shown by a

greater or less degree of retinulation, since this is carried

nearly to its extreme in such remote iormB 2lb Limulus snid

Scorpio, but by the position and number of the rods, which
tend to become axial, giving rise to the crystalline cone of

the compound eye.

Lankester has introduced a number of terms which we cannot

accept. The term merve end cells«, if my observatious are true,

is not logicai, since every celi is supplied with nerves ; we can only dis-

tinguish the manner in which they terminate. If we reject the term

jmerve end cells«. we must do the same for the term »perineural

cellsff. The primary division he would make into »monostichous«

and j)diplostichous(f is no more appropriate than the terms simple

and compound eyes, or ocelli and faceted eyes. It is, fìrstly, ex-

tremely doubtful whether a »monostichous« Arthropod eye exists; and,

secondly, many of the so-called »diploblastic« ones are in reality three

layered, as in Scorpions (Graber), and Spiders (Grenacher). Ali

organs tend to vary in certain directions, dependeut primarily upon the

primitive structure of the organs in question. To know what those

directions are we must know the structure of a few specialized forms,

and how they diifer from the primitive ones. I bave endeavored to

find these factors in order to found a new method of Classification. I

bave shown, with a certain show of reason, what the originai structure

I
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of the sensitive layer, and the general structure of the eye, was. It

is supposed that the primitive Arthropod eye was formed of three layers

(PI. 32, tig. 141), and that all other forms are modifieations of this type.

Even if we admit that this supposition is true, our knowledge of these

layers is too small to be used at present with any eflfect. Although

not of primary importance, the evidence obtained from a study of

these threc layers may be used in conjuuction with that obtained

from a knowledge of the ommatidia. which must be regarded as

the elements possessing the greatest elassifying value. Upon them,

I believe, must be founded the Classification of all eyes, and not

upon the number of layers, or upon the lens, or any similar part

of equally small, physiological, or morphological value. Lankester's

term retin u late, signifying «an ommateum in which the nerve end

cells are segregated to form definite groups, or retinulae«, is not ad-

missible , since it is founded upon a wrong conception of the struc-

tural elements of the eye. All eyes are retinulate in this sense,

since they consist of ommatidia formed of compound retinophorae sur-

rounded by pigment, or ganglionic cells.

The term »vitreousbodywisa bad one, since he uses it to desig-

nate a layer of cells, whereas the termhas already been universally

used to designate a non-cellular, vitreous secretion. Moreover he

applies it to »the anterior cell wall of a diploblastic ommateum« ; it is

certain that in the compound eye this layer (the corneal hypodermis)

does not scerete any vitreous body, but gives rise to the corneal facets

alone. It is also extremely probable that the homologous layer in the

stemma and ocelli, or the vitreous body (which ought to be called the

corneal bypodermis), likewise gives rise to the corneal leus, but to no vit-

reous secretion; this function is performedby the outer wall of the primitive

optic vesicle, or by the median of the three ectodermic layers. To this

layer, which is entirely absent in the compound eye, I bave given

the name vitreous layer, and to that immediately underlying the

corneal cuticula, that of corneal hypodermis; the latter cannot fall

to be present in ali Arthropod eyes, possibly with the exception of

certain Crustacea, such as Copepods, Cladocera etc. which we bave

not included in any of our previous Statements.

Wecannot recognize the term »vitrella« , or »a group of cells of

a vitreous body which has become segregated in correspondence with

the segregation of the retinal body and of the lens«, siuce it is founded

upon what we consider to be a false conception of the structure of the

compound eye.
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There is no necessity for regarding some eyes as »exochromic«,

and others as »auto chr orni e« , since there is no evidence to show

that pigmented mesoderm cells have forced their way through the

basai membrane iuto the eye ; ueither can it be shown, as any induce-

ment for the supposition that there are two kiuds of pigmentife-

rous cells in the eye, that they owe their origin to two different

sourees. Lankester moreover carries this supposition to an ab-

surd degree, in stating that such mesodermic cells have waudered

through the basai membrane, forcing their way between the retinulae,

then through a second membrane, and finally between the cry stalline

cone cells, in order to surround them with pigmented ones in a manner

to correspond to the arrangement of the retinulae around the rhabdoms.

Moreover the pigment cells are the most ancient Clements in the

eye, older even than the retinophorae, and their origin, as well as that

of the retinophorae, is always ectodermic. It follows, then, that I cannot

accept his division of eyes into exochromic, and autochromic, since ac-

cording to my views such a division is not consequent.

It must be borne in mind that I have not attempted to draw any

inference, foundedupon the structure of the eyes, in regard to the ge-

netic relationship of the different groups constituting the Arthropods.

I have simply made what seemed to be a reasonable supposition as to

the primitive Arthropod eyes, and have attempted to show how far,

and in what direction, the eyes now known diverge from this ancestral

form. Whether this evidence will be of any phylogenetic value, I am
not prepared to say. A verdict can only be rendered after a careful

study and comparison of ali other evidence entitled to consideration.

A superficial examination of the eyes of Copepods and Cladocera

shows at once a resemblance between the crystalline body, —not the

cuticular lens which is sometimes developed, —and the crystalline

cone of the compound eye. If this resemblance is more than a super-

ficial one, we might attribute to them a similar function. Our know-

ledge of the structure of these eyes is too vague to allow of any specu-

lations concerning them. But if it could be proved that the ommatidia

were separated from the cuticula by a layer of cells, then there would

be ground for believing that they represent modified invaginate eyes

in which the retineum was reduced to one, or a small number, of om-

matidia. On the other band, it is possible that they may represent

single, or small groups, of isolated ommatidia which, without Separation

from the primitive hypodermis, have reached their present condition.

Considering the fact that the retinophorae in Mollusca are double,
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and contain a highly developed, and an aborted, nucleus, vve must ad-

mit tbat the possibility of reg*ardiug the phaosphere, foimd in Euscor-

pius Italiens^ by Lankester, as an aborted nucleus, is not so remote

as he would bave us believe. I bave omitted this factor in my deduc-

tion, for the sake of simplification : for, eveu if it were so, it woukl

not materially alter the eonclusions at whicb we bave arrived.

It was not until I had definitely decided, by comparison, wbat must

bave beeu the eharacter of the primitive x\rthropod eye, tbat my atten-

tion was called to the eye of Perijxäus as described by Carrière. This

type of eye resembles so perfectly the presumed ancestral oue tbat

either migbt be regarded as the primitive form.

This eonception, theu, is of double value, tirstly, because, according

to it, all the various forms of Arthropod eyes (witb the exceptions al-

ready mentioned; may be regarded as modifications of a single, primi-

tive type, exactly like tbat found in the most primitive Arthropod ; se-

condly, because the so-ealled Molluscau eye of Peripatus is no longer

remarkable on account of its dissimilarity witb other Arthropod eyes,

but, in fact, is completely identical witb wbat we bave good reason for

supposing is the primitive Arthropod eye.

In the Crustacea, the number of cephalic eyes is never so great

as tbat often found in the Insecta, and in by far the majority of cases is

limited to two. There is seldom more than a single, median, larvai eye,

probably representing a fusion of two paired ones, whicb are very

rarely retained in the adult.

Euphausia is remarkable on account of its numerous, segmentally

arranged eyes, or luminous orgaus, asSARs' considersthem. Through the

kindness of Dr. Paul Mayer, I bave had the pleasure of examining some

very carefuUy prepared sections of these organs. I hoped to give a more

complete description of them, but tbat must be reserved for some future

time.

Sars States tbat there is no reason to consider them as visual

Organs, since their structure is not like tbat of eyes in general. I

cannot agree witb bim to this respect. I do not think Sars examined

the eyes by means of sections , witbout whicb it would be extremely

hazardous to form an opinion. The sections I had the pleasure of

studying shoAved a complete agreement in essential characters witb the

visual Organs of other animals. The lens is separated from the exte-

rior by a double layer of cells, and is suspended in a well-developed

1 Keport on the Schizopoda collected by H. M. S. Challenger diiring the

years 1873—1876. in : Challenger Reports Vol. 13, Part 37, p. 70—72, PI. 12.
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(muscular?; band. The retina is nearly hemisplierical, and contains a

deep row of large nuclei and a superficial layer of more numerous, smaller

ones. Accordingto Sars' description, this layer should contain bright red

pìgment, although in the preparations I examined the cella were color-

less, the pigment haviug beeu extracted by the reagents. The cavity

of the optic cup is almost completely filled with a mass of rods (Sars'

»flabelliform bündle of fibresif), which are remarkable on account of the

long , vertical , median rods , and the shorter, horizontal ones, on the

side walls of the cup. Beneath the retina is an extraordinarily thick,

(laminated) layer, or argentea, nearly hemispherical, and remarkable

on account of the uniformity in the thickness of its peripheral and

centrai parts. The great development of the lateral rods, and of the

peripheral part of the argentea is a correlated and dependent condition,

probably due to the great amount of lateral light reflected by the peri-

pheral parts of the argentea upou the lateral rods. The vertical rods pro-

bably receive the direct vertical rays from the lens, and the same a second

time after their reflection by the underlying argentea. The general

tendency has been to regard these remarkable organs as eyes, on

account of their evident similarity to them, though Sars has come to the

conclusion that they are not eyes, but luminous organs. But let us con-

sider wliat a luminous organ is, and how it originated. It certainly must

be of some decided advantage to the animai, else it could never bave

originated. It is extremely improbable, if not impossible, to suppose

that such highly complicated organs could bave been developed by a

series of graduai chauges, for the purpose of frightening other animals.

Besides luminosity is too common to suppose that it would aifect auy

nocturnal animals —the only ones to be frightened by it. They

could not serve as sexual attraction , since they are present in both

males and females. It is extremely improbable that they could bave

originated as luminous organs, tobe used as a help in capturing

prey. It is only possible to suppose that their luminosity w^as a newly

acquired property, origiually, only a secondary, oriucidentalone.
For instauce, it would be very easy for au eye, with a well developed

tapetum and lens, to be transformed into a luminous organ, provided

the rods, or some other substance in the optic vesicle, as the vitreous

body, should acquire highly phosphoresceut properties ; the lens and

concave argentea would then act like a miniature dark-lantern, in

which the phos])horescent substance is the light, the argentea, a con-

cave reflector of the most perfect description, and the optic lens,

the bulFs eye lens of the lantern. If such a transformation took place,
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tlie rods and histological structure of the retina would necessarily

undergo deg-eueration. and no longer function as sense organs;

lienee their nervous supply would almost entirely disappear, a

eondition whieh has, apparently, not been realized. But the diffìculty

in the way of such a sup])osition is to point out any purpose in such

a chauge. or any adequate advantag-e to be gained by the animai;

and then we have only doubled the difficulties, since we must still

explain how so many accessory eyes were originally developed.

In fact, to suppose that the orgaus are luminous does not decrease,

but on the eontrary augments the difficulties to be met in treating this

subject, therefore I caunot agre e with Öars in considering them as

luminous organs, but am compelled to regard them as accessory

eyes. It seems to be beyond doubt that they are luminous; but still

I desire to call attention to the fact that the proof does not as yet ap-

pear to be perfect. For instauce, Sars has not said that the eyes are

luminous in absolute darkness! It must be borne in mind

that the presence of the brilliaut argentea would, in certain positions,

cause a sudden reflection of any bright object in the vicinity, and thus

produce the brilliaut flashings which Sars considers voluntary.

But in spite of these facts, it appears that the rods, or fibres, are

faintly luminous, even when isolated and crushed. But even this does

not prove that the structures are luminous organs, since this property

is a very common one, found in almost all couditions of matter, living

or dead, and in the present iustance it could very easily be an inci-

de ntal property, haviug nothing at all to do with the use of the

organs. I would also like to call attention to the presence of the

bright red pigment so characteristic of certain forms of Inverte-

brate eyes i. e. Ccelenterata, Echinoderms, Molluscs and Worms.

If these bodies in Eup/musiasiVG not »luminous organs« —that

is, if the luminosity is not an essential, but only a secondary and inci-

dental property, —then they are, in all probability, visual organs, or

eyes. But how can we explain the presence of so many eyes in this

isolated group' It is probably due to one of two reasons, either they are

deep sea, or nocturnal animals. But from the «Challenger Reports«,

it is evident that they are found in great abundance on the surface,

and seldom. or never, at any depth. They are, probably then, noct-

urnal
, and this fact has led to a great development of ommatidia in

certain regions
,

giving rise to the eyes as we now see them. The
enormous development of the argentea is an evidence that they are

constructed for an economy of light impressions, just as in Pecteti, and
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in those nocturnal, or deep sea fishes, which are so universally supplied

Avith reflecting- surfaces.

I must anticipate the theoretical remarks to be given in the fifth

chapter, in order to say that I regard these bodies as organa adapted

for the absorption of light energy , rather than for the perception of

objects. These accessory organs may with propriety be called eyes

since ,
originally , all eyes had such a function , and may still have it

even in the more highly perfected forms.

The careful and valuable studies of Grobben (55) upon the

eyes of Phyllopod Crustacea , have shown that in this group the

lateral eyes are overgrown by a double, membranous fold, in some

cases enclosing the eye in a complete sac, which in other instances

remains open. He regards these folds as protective, and considers

that they are not developed in BrancJiipus] but the fact, as I have

shown, that the latter g-enus is supplied with a corneal hypodermis,

would indicate that a similar fold was present in the embryos. If

this is so , we must suppose that the hypodermic folds over the Clado-

ceran eye represent the corneal hypodermis of the higher Crustacea,

and that the folds have a deeper phylogenetic signification than

has been supposed. The resemblance betweeu this foldiug of the

hypodermis, and the invagination to form what I have considered

as the primitive Arthropod eye, is so striking that oue cannot fall to

notice it. But on the other band the resemblance may be a super-

ficial one, and we'should not be warranted in regarding it as haviug

a phylogenetic meaning, without a more accurate knowledge of the

eye in this group of Crustacea.

Development.

I can see no reason for supposing that the developmeut of the

visual Organs of Arthropods should be any different, in principio, from

that ofMolhiscs. Carrière states, on the authority of Kennel, that

the eyes of Peripatus are formed by the modification of invaginated,

and in the early stages, opeu-mouthed, optic cups. The strongest ob-

jection that can be urged against the supposition that all Arthropod

eyes are modifications of primitive ojitic vesicles is that embryology

^ves no evidence of such an invagination. Although the embryological

evidence is very scanty and entircly confined to the compound eyes, it

is pretty certain that in most, if not all, compound eyes, there is no trace

of an invagination; but this ought not to be an insurmountable objec-
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tion, since such processes are often omitted. In Pecten^ where it is

pvetty certain that the eyes wcre formed by the modification of in-

vaginated cups. outogeny gives uo indication of such a i)rocess. If it

is once agreed that the compound eye is a modified ocellus , theu the

safest eourse would be to study the development of the simplest and

most primitive ocelli. It is ueedless to say that this has not, as yet, been

done. Basing our supposition upon the facts obtained in the Mollusca,

concerning the development of ganglionic cells in general, and of nerve

branches, or nervous ceutres of sense organs in particular, we are

eompelled to apply the same principles to the Arthropod eye, and

although we ha ve no such embryological evidence, the same method of

nerve endings i. e. intercellular nerves, —in the most primitive con-

dition, reaching to the outer extremities of the cells, —furnishes very

good reason for supposing that the ontogenetic and phylogenetic devel-

opment of nerve cells must be essentially the same in the two groups

under consideration. If, then. this is true, we can no more admitthat,

in Arthropods, the sense cells and their nerve ends are outgrowths from

the brain, than in the Mollusca, unless we suppose a case analogous

with that found in the Vertebrates, where a part of the brain, originally

external, has become evaginated to form a retina with inverted rods.

This supposition, however, will not apply to the Arthropod eye, even

leaving other difficulties out of consideration , because the rods are not

inverted.

The observations of Bobretzki are founded upon the supposi-

tion that the crystalline cone cells and the retinulae form two distinct

layers, and he was therefore led to mistake the corneal hypodermis —
not knowing of the existence of such a layer. —for the crystalline cone

cells. I have myself had the opportunity of making sections of some

young lobsters' eyes in a comparatively late stage of development, and

found that the corneal hypodermis was then much more highly devel-

oped than in the later stages. This fact would also explain why
Bobretzki has asserted that the outer ends of the crystalline cones ave

surrounded by four cells, believed by him to be identical with the

nuclei of SExAiper Balfour, Vol. II, p. 397). If the development

is the same here as in the Mollusca, the foUowiug must be the

processes undergone: il) a tliickening of the cephalic hypodermis,

giving rise by cell proliferation to two layers, an inner one, the brain,

and an outer one forming the permanent hypodermis; that part of the

brain arising from the seat of the future eye gave rise to the optic

ganglion, which isnever entirely separatedfrom the seat ofits

Mitteilungen a. d. Zoolog. Station zu Neapel. Bd. VI. 46
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origin ; 2) that part of the hypodermis from whicb tlie optic ganglion

originateci agaiu becomes thickened and divides into twodistinctlayers,

the outer one forming the corneal hypodermis, and the inner, the

ommateal layer, consisting of the retinophorae surrouuded by their

circles of retinulae. I must insist that, if the description I bave given

of the structure of the compound eye is eorrect, thenitisimpossible

for the sense cells, either the so-called retinulae of Gre-

NACHERwith their rhabdoms, or the retinophorae, to bave

reached their present position, as outgrowths of the brain.

This mistaken conception is undoubtedly due to the close proximity of

the ommateal hypodermis to the brain , and to their common point of

origin. The mesodermicingrowth, between the inner, hypodermic, and

the outer, neural layer did not, in ali probability, give rise, as Bobketzki

believes, to the pigmented cells and perforated membrane (the latter

has no existence) between the crystalline cone cells and the retinulae,

but to the often pigmented mesodermic cells between the basai mem-
brane and the optic ganglion.

Weismann (49j and Carrière (19) have likewise shown that

the entir e optic layer arises from a hypodermic thickening, and

not from any outgrowth of the brain.

Vision in the Compound Eye.

The facts which I hope have been made clear in the preceding

pages necessitate a modification in the supposed process of seeiug in

the compound eye, as advocated by Grenachek, —the so-called

Müller's Theory of Mosaic Vision.

The facts which bear on this point are the foUowing :

(1) I have shown that the so-called rhabdom of Grenacher has not,

in any case examiued by me, the structure he has ascribed to it.

(2) The rhabdom does not owe its origin to the pigment cells, or

retinulae.

(3) What Grenacher regards as a highly specialized rhabdom (or

the pedicel
, that should consequently possess the greatest sensibility as

well as greatest number of nerve fibres, is, in fact, entirely devoid of

those nerve fibrillae which we have shown to be the light percipient

Clements.

(4; A more accurate knowledge of their structure (the rhabdoms)

shows that they can in no way be regarded as homologous with
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tliose bodies, or rods , kuown to be the percipieut Clements in other

ani mais.

(5) Aecording to Geenachers thcory, the retinulae and rhabdoms

must form acelllayer, distinct, in the strongest seuse of the word, from

that formed by the crystalline cone cells ; that this is not so, cau be

proved by the most conclusive evidence, showing- that the three circles

of retinulae and the crystalline cone cells form a single layer.

(6) Aecording to this theory, no adequate explanation can be given

concerning the function of the corneal facets and crystalline cones.

(7] Aecording to this theory, the crystalline cone cells must be

homologous with the vitreous layer of the simple eye. It is then im-

possible to account for the crystalline cones, the presence of pigment

cells , or the grouping of the crystalline cone cells in fours, —not the

slightest trace of any of these structures being found in the vitreous

layer of any simple eye.

(8) Aecording to Grenacher, the rods, or rhabdoms, are secreted,

in the compound eye , by the retinulae
,

or pigmented cells ; this is

directly opposite to what is found in the immediate ancestors of Insects,

and. in fact, in all the higher Mollusca and Worms, and probably in

the Vertebrates as well, where it is the colorless cells alone which give

rise to the rods.

(9) This theory entirely ignores the presence in all faceted eyes of

a corneal hypodermis, a fact which alone is sufficient to upset the

whole series of deductions upon which it is fouuded.

If these facts are sufficient to overthrow the theory of Grenacher,

they are none the less important in their hearing upon a new Inter-

pretation of the structure , morphological siguification
,

and function, of

the dififerent Clements in the compound eye. The changes these facts

necessitated, concerning the origin and structure of the compound eye,

have already been alluded to. Aecording to what was then remarked,

it follows that the network of cross fibrillae, or retinidium,

contained in the calyx of the retinophorae, either with or

without a crystalline cone, is the essential dement of the

compound eye; without considering a great many minor points which

militate against all other suppositions, and in favor of this, we shall

briefly enumerate the following facts: (1) the crystalline cones,

and the cells which bear them, are homologous with the

rods and retinophorae in the eyes of Molluscs, and in the

ocelli of Arthropods; (2) a series of cross nerve fibrillae

can be traced in the crystalline cone, or in the place
46*
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wliere the cone should be wlien it is absent, exactly

similar to those nerve endings in the rods, or percipient

elements, of ali other animals; (3) in those animals best

able to see, the corneal facets are so constnicted as to

throw a perfect image uponthe e ry stalline cone, or upon
the centre of the calyx.

Hence, morphologieally, the seat of vision ought to be in

the crystalline cones, the necessary nerves are only to be

found in the crystalline cones, and finally the most perfect

optical conditions are obtained in the crystalline cones;

thereforethe crystalline cones are the percipient elements!

Accepting this conclusiou , there can be but oue supposition con-

cerning the result. In those eyes with lenticiilate facets, an inverted

iniage of those objects lying within the axis of the ommatidia will be

forme d upon the crystalline cone. In such forms as Mus e a and
Mantis, besides mauy others, there is absolutely nothing to

prevent the formation of a perfect image, not upon one or

two nerve fibres whose surface is in no wise proportional to

the size of the image
,

but upon a complete and perfect series

of fibrillae, whose extension in all three directions is suffi-

cienttoreceive the wholeofany image forme dby the corneal

1 ens.

The lack of focal accommodation in the lensis balanced

by the depth of the retinidium.

Webave already called attention to the fact that the corneal facets

are the products of two or four hypodermic cells. The division between

the product of each celi is far less distinct (in ali but exceptional cases,

reduced to almost nothing) ,
than the division between the corresponding

facets. These facts indicate that thelatterdivisions,bythegreat
difference between their refractive index and that of the

surrouuding cuticula, serve to exclude more perfectly

lateral rays of light from each crystalline cone. Even if we
accept the conclusious of Exner (61), Grenacher, and others, that the

crystalline cone would prevent the formation of an image, thatvery
conclusion necessit at es the supposition that in the crys-

talline cone there would be the greatest accumulation of

rays of light! In by far the majority of cases, the shape, consistency

and Position of the cone is such as to offer no liindrance to the formation

of an image. If we add to such cases those in which no crystalline

cone is present and where there is undoubtedly a highly developed
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visual power, as in the Diptera, tlic immber of cases in whieli it is even

probable that the eone would prevent the formation of an image is very

small. On the other band, in thc Flies, tbere is uudoubtedly very sharp

vision , and therefore , if the rhabdom is the percipient dement
, we

ought to find the lens and eone hig-hly perfected in order
, accordiug-

to ExNERS supposition , to bring as much light as possible into the

extraordinarily small hole at the bottoni of the calyx; the eone is.

however, entirely absent, but the lens remains, and is well developed:

but alone it must be a positive disadvantage, since, with it, only a

single, central ray of light ean possibly enter the rhabdom; all others,

since the focus of the lens usually falls in the middle of the calyx
,

will fall at a sharp angle on the lateral walls of the calyx, never

entering the rhabdom. If the calyx and lens wer e entirely ab-

sent. or were reduced to a thin layer, —a change that could be accom-

plished with the greatest ease , we may be sure
,

provided there was

an advantage to be gained by it
,
—many more rays of light could

gain access to the rhabdom. But as a matter of fact, only a single ray

can, under existing circumstances, enter the rhabdom. Now let us

eonsider the extraordinarily small number of rays , arising from an

ordinary sized object, that could enter a corresponding number of

rhabdoms, and the faint impressions that these single rays would pro-

duce ,
and we cannot fail to wonder how these imperfect means could,

in so many cases, cause such perfect vision. On the other band I pre-

sume the advocates of Müller's theory of mosaic vision would discover,

in the presence of the axial nerve fibres which I have shown to be so

universally present in the style of the retinophora, a striking confir-

mation of their views. The presence of a single nerve dement in the

rods was regarded by the followers of Müller, as the fact necessary

for the complete confirmation of this theory. Grenacher emphasized

this point, but finding in many cases six or seven rods , or nerve Cle-

ments, came to the conclusion that, since they were not large enough to

receive any entire image , they must act as a single dement, like the

rod of a Vertebrate for instance ; if he accepts the fact of an axial nerve

fibre, a though bis rhabdoms disappear, bis theory may take a stronger

hold than before.

But those, who, on these grounds, would still retain Müller's

theory
,

will have difficulties to contend with, besides those presented

by the crystalline eone. Why for instance is it , if only a single ray of

light penetrates the rhabdom, and consequently only extends over

the axial nerve, that the rhabdom is, in the presumably most sensi-
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tive part, so miicli larger than is necessary ; it should only be as large

as the axial nerve , and surely not largar in one place than another.

Then again the axial nerve, in other animals without doubt,

is not the sensitive element, but only the radiating and in-

finit ely smaller fibrilla e. In Cephalopods , the axial nerve is

entirely protected from the light by a eoating of pigment granules.

Moreover in ali other animals , the rays of light act at right angles

lipon the fibrillae, and there is no reason to suj^pose that in Arthropods

a different eondition prevails ; in faet we meet with insurmountable,

physiologìeal difficulties, in attempting to imagine the effect a ray of

light will produce, aeting parallel with a long and large nerve fibre.

Indeed the objections to Müller's theory, as advocated by Exner,

Grenacher and Carrière, and almost universally accepted by modem
Zoologista, might, in the light of the facts given above, be multiplied

indefinitely without Coming to any more decisive conclusion. It will be

sufficient , I believe , for the present , to allow the matter to rest until

the observations , upon which my views are based , shall bave been

confirmed, or proved to be incorrect.

I must again warn against the Interpretation given to results ob-

tained by superficial, physiological experiments upon the Arthropod eye.

Such results should be accepted with the greatest caution. The effect

produeed by any change in the amount of light. or by any
object, depends upon the structural perfection of the

visu al or ga n, and upon the associ ationof light im p res si ous

with the impressions received by other organs. To deter-

mine the functional perfection of a visual organ, we must know the

entire life history of the animai. How far we are as yet from such a

eondition is only too evident. Let a person offer a dog a stone, and it

would be a mere chance if the dog took any notice of it; this evidence

alone would be sufficient to prove, to some people, that the dog was
blind. Let our imaginary experimentor present him, after being fed,

with a piece of meat, and if no notice were taken of it, he would be

eertain that the dog was blind. If, on the contrary, the dog had, by
chance, been very hungry, the results would bave been different,

and any person would then come to the conclusion that the dog
could not only see well, but could actually distinguish between
things that were fit, or unfit to eat. This simple and perhaps unneces-

sary Illustration will, I think, enforce the statement already made that,

in such comparatively simple creatures as Insects and Arthropods,

whose actions are almost entirely controlied by so-called instincts, it is
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impossible to judge of the effeet certain objects will produce, without

knowing tlie relation which tliey bear to the animai. In other words

we should havc to know the conditions governing the instincts of the

animai. An instinct is a series of causes and effects which may be re-

presented by a formula. Let x be any Vibration, as sound, or light; x.n'.

the nervous Vibration caused by the first; and n.m the muscular

contractious caused by the same; then, providing x.n' . always causes

the same muscular contractions, all that is necessary to cause x. w'., w. m.

is a:; but the potentialities x.7i'.^ n.m are inherited, while ä; is a Con-

stant, e X t e r n al factor. The experimentor has the quautities w/, the sense

Organ ; w, the nerves ; and w?, the muscle, given ; in order to produce

the sequence x.n.' , n. m , he must select the factor .r, and without a

previous knowledge of the sequence to be produced, it will be a mere

chance if he choose correctly.

If the sequence of muscular contractions, ti.m
, produced by

any externa! factor, is short, we have a reflex action. If the sequence

is long and complicated. we have an instinct.

It has been said that in all those compound eyes with lenticulate

faceta, an inverted image of external objects will be thrown upon the

crystalline cones, but it does not at all follow that an image is per-

cei ved. As I have already remarked, au image is an incidental result

of the coucentration of light upon a given area. The perception of

form is due to Constant association with the sense of touch; it is not

improbable that the perceptions in Arthropods may be due to a com-

bination of the scuse of sight with that of smeli, hearing, or of motion.

The perception must depend, also, upon the structure of the nerve

centres to which the sensations are conducted, and upon the quality

of the nerve fibrillae upon which the vibrations act. If the facts we
have stated, in regard to the Constant origiu, up to certain limits, of

ganglionic cells from sense organs, be true, then it follows that the

nervous quality of their nerve fibrillae must be improved with age,

or use.

The great mistake in discussing vision in compound eyes is to

suppose that all have a similar degree of functional perfection, simply

because they are similarly coustructed. It is only necessary to direct

attention to this point , in order to show how essential it is. So far

as we know, the eye of an ant, as far as its structure goes, is nearly as

well adapted for seeing, as that of a fly ; but the latter sees exceptiou-

ally well, while, according to Sir J. Lubbock, it is extremely doubtful

whether the former sees at all. The difference may be due, in a small
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clegree, to the greater number of ommatidia in the eye of the fly. but

it is probably due in a much greater degree to the difficulty of invent-

ing satisfactory methods of experimentation.

It seems as though Grenacher had sought refuge under the

shadow of Müller's genius for the propagation of some theory of

vision that would go with bis own observations. I must confess that I

cannot see any evidence of extraordinary brilliancy in Müller's cele-

brated Theory of Mosaie Vision; bis genius has, however, been

ampie to proteet, even up to the present day, his »geistige Lieblings-

kind« as Grenacher calls it.

A necessary deduction from the theory of mosaie vision, and one

which Müller himself recognized, has, apparently, been forgotten by

Grenacher in his discussion of vision in the compound eye. Müller

says, as Grenacher has quoted, »Die Insecten sehen weder nach diop-

trischen noch nach katoptrischen Gesetzen, sondern bloß durch eine

nähere Bestimmung der Beleuchtung!« I understand, by this

rather loose expression, that Insects are only able to distinguish light

from darkness, and it cannot be denied that it is a necessary deduction

from Müller's theory. But it is certain that many insects can per-

ceive objects with great precision, therefore the theory cannot be

true. If only a single ray of light from any part of a small object

—say ten feet distant —eutered each rhabdom , then the points of

origin of these rays of light would be so minute, few, and far apart,

that no perception of form would be possible. On the other band, if

we bring to our aid the crystalline cone and corneal facets, as has

been done by Exner, we would be no better off. since a widely di-

vergent cone of light entering the corneal facet would , by repeated

reflection, be concentrated as a confused mixture of light at the

apex of the cone, giving absolutely uo effect of form, while only com-

paratively great changes in the amount of light would be perceptible.

Moreover a most important point has been neglected by the advocates

of Müller's theory, and more espccially by Exner, in attempting to

explain the function of the crystalline cone. Even if we suppose with

him that the latter concentrates at its inner end all the rays of light

entering it, it is perfectly evident that the repeated reflection

will not make the rays parallel. Now the inner end of the

crystalline cone in its most perfect condition never reaches the

outer end of the narrow pigmented tube in which the sup-

posed rhabdoms are, therefore the rays of light will di-

verge from the apex of the cone at nearly the same angle
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at whicli tliey cntered, no more rays of lig-ht g-ainiug access

to the rhabdom than if no crystalline cone was presenti

If we make the most g-enerous allowance possible for the theory

of mosaic vision, so celebrated on account of its wonderful acuteness

of conception. we are at best provided with organs that can only dis-

tinguish between light and darkness. But Exner, while admitting

that there is probably no pereeption of form by the compound eye,

considers that it is an organ very well adapted to perceive motion. We
are not prepared to discuss to any extent what the conditions necessary

for a motion-perceiving eye must be. It seems certain, however, that

any organ perceiving simply light gradations could never distinguish

motions of objects , except when they affected to a sensible degree

the amount of light; therefore, in that case, there could be no

pereeption of motion, but only a sensibility to the changes in the

amount of light. It seems to be equally certain that to perceive

motions of objects, it must be necessary for the light impres-

sions produced by these objects to have some definitio'n;

biit this is also just the condition essential to the pereeption of objects!

It is extremely probable that the image of an object in motion is more

irritant than that of one which is at rest. This is intelligible on the

ground that all other sensations, either of touch, smeli, hearing, or of

slight electric shocks , are much more excitant when interrupted, than

when continuous. We may consider that a moving object causes an

Image to be felt successively on various parts of the percipient surface,

causinga Vibration of Images, soto speak; in an ear, forinstance,

sound produces a succession of impressions upou the sa me Clements
;

in an eye the moving object produces a succession of impressions upon

different Clements. It has not been shown how the compound eye is

especially adapted for seeing objects in motion; since having the

percipient Clements either in a continuous layer, like that of the Verte-

brate eye, or isolated, as in Arthropods, cannot affect the principle of

the action.

In conclusion, we may say that of two objects of equal luminosity,

other conditions being likewise equal, the one in motion would produce

a greater nervous Irritation than the one at rest, simply because

it would cause a succession of interrupted impressions; there-

fore the animai would be more likely to see the moving object than the

one at rest. The transmission of these impressions from one retinidium

to another would be as graduai in the compound eye as in that of a

Vertebrate, since, (1) the image of any object is, in most cases, not
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confined to one crystalline cone, but to several; (2) the retinidium is

formed by a set of nerves supplying not only one ommatidium, but

several, so that a single Impression produced in one would be liable

to cause, by sympathy, an Impression in the next.

An important, but fallacious argument in favor of Müller's theory

was elucidated by him, and strangely enough has been sufficient to

Support it until the present day. This argument is, briefly, the follow-

ing: there appear to be but two suppositions possible: either the Insect

must see an upright «mosaie image«, or a multitude of inverted ones
;

but it would be impossible for the animai to rectify ali these inverted

images in order to see well , therefore the former supposition must be

the correct one! Müller seems to bave forgotten that according to bis

adopted theory there is no neeessity of invertiug the images; because,

surely, if the insect could not invert the images, it would stili beable

to see infinitely better than one , which , according to bis theory, was

only able to distinguish the amount of light!

Müller also ignored the fact that some Insects are provided

with as many as forty simple eyes, the images formed by which must

be inverted. Neglecting the last named fact, to which Grenacher has

also called attention, Müller preferred to consider that ali Insects, some

of which he must bave known were notoriously sharp-sighted, are only

capable of distinguishing light from darkness, rather than suppose that

they could rectify numerous inverted images ! But it seems to me that

a little consideration will show that there is no more difficulty in this

process, than in that performed by Vertebrates. It is a great mistake to

suppose that ali animals with compound eyes see equally well , or that

it is necessary for them to form an idea of a landscape. There is a great

difference between the structure of an eye like that of an Ant and that

of a Dragonfly, and there is undoubtedly as wide a gulf between their

visual powers. But a landscape even could be seen and recognized by

means of a compound eye
,

provided the inverted images were small

and very numerous; it would consist of an upright picture, with its

general features unchanged, composed of innumerable inverted images.

But most of the objects brought into daily relation with insects are small,

therefore their images would be formed only on one, or a very few

crystalline cones , so that the erection of their inverted images would

not present any physiological difficulties.

It would be absurd to assert that Insects or Crustacea could see in

this or in that manner without giving specific cases. That, however,

we are not prepared to do. But we may say with safety that there is
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nothing in the principal upon whicli the compound eye is constructed

to prevent its posscssor from seeing with clearness and precision, by

means of inverted images, either a landscape or small neighboring ob-

jects. There seems to be no reason to deny that many Inseets have

developed at least one of these faculties to a special degree. On the

other band there seem to be many Arthopods, with well developed com-

pound eyes, which are able to see, but not to perceive objects, or at least

only a very few objects, —those with which they are brought into the

closest relation. Then again there are probably many Inseets which

can only distinguish light from darkness. The diiference in vision is

due more to the powers of association than to Variation in the structure

of the eye.

Chapter V. General Remarks upon other Oroups.

The knowledge we possess eoncerning the visual organs of Coe-
lenterates is sufficient to warrant a comparison between the structure

of their essential Clements and those of Mollusca and Arthropods. As

far as I know, there are no structures in the Coelenterata that might

be regarded as isolated ommatidia, but that such organs do exist, or

have existed once, is quite probable, since their eyes are formed on the

same plan as those of the Mollusca, i. e. of collections of ommatidia

which, in the less perfect condition, must have been irregularly scat-

tered about. The sensitive layer, which appears to form a retineum,

consista of colorless retinophorae, whether single or double is not

knowu, surrounded by pigment cells, or retinulae. This structure is

found in the sensitive layer of all the various forms of Coeleuterate

eyes. The only difference of any moment is that the retinophorae are

much smaller, and in shape and general appearance resemble more

closely ordinary sense cells than is the case in Mollusca, where the

bright, refractive Contents give them the appearance of gland cells. But

in the Coelenterates anything similar to the rods of MoUuscan eyes

has not as yet been described. But I think we may safely conclude

that what has been, heretofore. regarded as a vitreous body is, in re-

ality, a cuticular thickening containing a highly specialized part of the

reti a terminalia. Such appears to be the case with the minute in-

vaginate ocelli, described by Carrière, situated near the large lenti-

culate eyes of Charyhdaea marsupialis^ which can be compared with the

invaginate eyes ^i Arca (PI. 30, fig. 43). The vitreous layer in the

large, lenticulate eyes of the same species is, in ali probability, a layer

of retinal rods.
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In Aurelia, according- to Hertwig, the ocelli are very poorly de-

fined, and are not provided with auy special thickening of the cuticula.

They probably represent only the simplest aggregation of ommatidia.

It is very probable that the so-called lens of the simple, non-in-

vaginate ocelli is not a lens at ali, but a lenticular thickening of the

cuticula, filled with nerve fibres; or, in other words, it is composed

of the cuticular secretions, or rods, of the ommatidial cells, and con-

tains the retiuidia. Such a condition could be compared directly with

the pseudo-lenticulate eyes of^;ra(Pl. 30,fig. 54). It is extremely

improbable that a purely di op tri e lens would be developed be-

fore the specialization of the rods. Another striking faet that deserves

attention is the wide presence of red, and less often, black pigment,

which when united give rise to shades of brown varying in color ac-

cording as one or the other pigment prevails.

Another important point to be considered is the great number
of imperfect eyes, and the presence of very highly developed ones,

as in Charyhdaea. This condition is exactly parallel to that found in

Arca, and brings us a confirmation of our supposition that the evaginate

eyes of ^rm did not arise independently, but as modifications of the

invaginate ones. If, for instance, both types of eyes were developed from

an irregularly folded surface, thehoUows forming into invaginate eyes,

and the ridges into the evaginate ones, then we should expect to find as

many transitional stages in the development of one form, as in that of

the other, especially when there were a great many of both kinds in

ali stages of development. This, as we bave seen in Arca, was not the

case. In Coelenterates also, although there are many very simple in-

vaginate eyes in ali stages of development, there are no traces of the

evaginate ones.

In the Worms, that uniformity in the structure of the sensitive

layer, found in Mollusca and Coelenterates, does not appear to prevali.

The eyes found in the Annelids are best understood; therefore they

cau be more readily compared with those found in the Mollusca and

Arthropods. Weshall speak of them alone.

Carrière has furnished us with the best observations concerning

the eyes of Polychaetous Annelids. The same composition of the sensi-

tive layer, and of the ommatidia, is to be seen bere as in Mollusca. The
colorless cells (Secretzellen of Carrière) are the retinophorae, and the

pigmented ones, the retinulae. It is remarkable how a person can fall to

be impressed with the similarity between the colorless cells of the Coe-

lenterate retina, and similar ones in the retina of Molluscs. orWorms. It
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is evident that Carrière either failed to recognize this similarity , or

regarded it as of uo consequenee ,
for lie called the eolorless cells of

the Coelenterate letiiia, sense cells, and similar elements of the retina

of Molluscs and Worms, secretiug cells ! but , so far as I could find, he

gave no reason for reg-arding them as morphologically different ele-

ments. In such simple eyes as tliose oi Nereis cultrifera, the optic

vesicle has been described as being filled with a vitreous body, but we
may be sure that a part of it is , in reality, composed of a layer of

rods, just as in the Molluscan eye. Indeed, in Alciope, the rods are

very highly developed, and do not differ essentially from those of

Pecteti^ or of the Cephalopods.

The same modification of the ommatidia has taken place in Alcio-

pidaeasin the Cephalopods. Theretinulae havebeenreducedto anarrow

collar of rodless pigment cells which surround the neck of each retiuo-

phora. The double rod of the latter is very highly developed and con-

tains an axial nerve fibre, which canbe traced iuto the body of theretino-

phora. These facts render it almost certain that the retinophorae are

double, as in Mollusca, and therefore we should expect to find two

nuclei. Graber Claims to have found three nuclei in the »Retinal-

schläuchen«, as he calls the retinophorae
, but it must be understood

that I do not lay any stress on this fact . for there appears to be no

doubt that the extra nuclei he saw did not belong to the retinophorae,

but to the surrounding pigment cells. The second nuclei of the retino-

phorae, that I have shown to be present in Area, Pecten, and Haliotis^

are bodies very difficult to observe, even in the most carefully pre-

pared sections. The cells must be isolated by maceration, in order to

demonstrate, with certaiuty, the presence of the second nucleus.

The open ends of the rodsinthe Alciopidaeare very interestiug, for

they offer a further confirmation of the supposition that they are double;

they may be compared with the rods found in Pecten, where we have

evidence of a former opeuing
, now completely closed , in the fact that

the central nerve issues from the end of the rod to form the »loops of

the axial nerve«. It is very probable that the axial nerve of Alciopidae,

and also that of other highly developed forms, extends through the

opening of the rods to form »axial loops« similar to those in Pecten.

The slightly modified ommatidia, found even in the highly develop-

ed eyes of some Wonns, render it very probable that the isolated omma-
tidia are present in the scattered pigment areas so often found there.

This is still more probable when we consider the frequency with which

eye-like pigment spots occur. I have examined superficially, without
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sections or maceration, the segmeutally arranged pigment spots in A^ite-

rope candida and Toìnopteris (sp. ?), and found that they resembled so

strongly the ommatidial areas in the Lamellibranchiata , that there can

he little doubt that they represent aggregations of simple ommatidia.

Although the cutieular covering is thin, the ommatidia are very sharply

defined and regulär, consisting of rather large, colorless retinophorae

surrounded by a complete ring of pigment cells. To settle the question

beyond doubt, it would be necessary to show that the colorless cells

end inwardly in points, bave axial nerve fibres, and contain two nuclei,

at least one of which is nucleolated. When irritated , Asterope gives off,

apparently from the colorless cells, a beautiful, emerald green secretion.

This fact militates against supposing the organs in question to be eyes.

But ìt is not improbable that the secretion may be a i)athological result

of the violent contractions , similar to what Chun has described for

the Ctenophorae, where a strong Irritation causes the Chromatophores to

burst; the contents in this case, however, being forced inwards.

In theVertebrates,there seems to be little evidence for supposing

that isolated ommatidia are preseut. The structure of the so-called

luminous organs of the Scopelidae is too imperfectly known to allow

any conclusion as to whether they are composed of ommatidia, or not.

If they should prove to be eyes instead of luminous organs , we would

bave good reason for supposing that ommatidia are present in the

general epithelial covering of the body. Sense hair cells may be found

in ali parts of the body , and it is only necessary to bring any part of

the sensitive epithelium into Constant relation with certain agents to

develop at that point a special organ of touch, taste, or hearing, as the

case may be. Gkaber has shown by experiment upon blinded Eeptiles

that the skin has, to a certain extent, the power of distinguishing light

from darkness. This would lead us to suppose that scattered omma-

tidia were present in the skin. Now if animals provided with scattered

ommatidia lived in dark places, as at great depth in the sea, then, in

order to see in the dim light, their visual organs would undergo changes

by which a diminution in the amount of light would be accompanied

by a corresponding ìncrease in the area and complexity of the sensitive

surface, and would probably result in the appearance of numerous eyes

at various parts uf the body. But we bave seen, in those cases when

it was necessary for a great amount of light to be used, or to make an

economie use of very little light, that refleeting surfaces are developed,

either in each retinophora, behind the rod [Haliotis, Arca etc.), or as

a continuous membrane behind the inner layer of rods (the argentea in
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Cardium
, Pecten , and nocturual , or deep sea Vertebrates) . Therefore

under tliese conditious. the accessoiy eyes would also develop to a

high degree such refleeting surfaces. These reflecting- bodies are usu-

ally combined with highly refractive coudeusing lenses
, and both

together give the orgaus thus i)rovided a very brilliant sparkle or

glow, whieh may be mistaken for iudependent lumiuosity. The
lateral eyes of Euphausia are provided with a remarkably well devel-

oped argentea and lens.

It is extremely probable that the retina of the Vertebrates

consists of highly modified ommatidia, whose retinulae have lost

their pigment and become transformed into ganglionic cells. Some of

these ganglia
,
—Landolt'sche Keule and their homologues, —retaiu

their primitive position around the base of the retinophorae
, or rod

cells, and constitute, with the nuclei of the latter, the nucleated layer

between the rods and the basal plexus. The fibres of the latter layer

may, like the basal brauch of the optic nerve in Pecten, consist only of

axial fibres , and like them enter the retinophorae and extend through

the centre of the rods as axial nerves. The ganglionic layer of the

retina is produced by the modification of retinulae into ganglionic cells

which ,
iustead of wandering away from the retina to form an isolated

optic ganglion, remaiu in close proximity to the sensitive rod cells. An
axial nerre of the rods has already been described by several authors,

and , as the Statements have been received with more or less doubt , it

may be worth while to say that I have been able to coufirm the state-

ment by Observation made upon the macerated retina of the dog -fish.

The basket-work of fibres on the surface of the rods is too well known

to require any confirmation. Max Schultze (Stricker s Handbuch der

Histologie) considers these fibres, which have been isolated toward the

base of the rods. as forming a part of the connective tissue skeleton of

the retina. Judging entirely from the facts obtained by a study of the

rods in the Invertebrates, we consider the external fibres in the Verte-

brate rods to be exactly similar to those found on the surface of the

rods in Pecten, i. e. ganglionic nerve fibres. The nerve fibres in

the centre of the rods in both groups, Vertebrates and Mollusca,

would be axial nerves. To carry out the comparison to its full extent,

the lamellae of the Vertebrate rods must be produced by the successive

e tag es of fibrillae which radiate from the axial nerve toward the peri-

phery of the rod, there unitiug with fibrillae from the external fibres. In

other words, a rod of the Vertebrate retina contains a retini dium ex-

actly similar to that found in the rods of the Mollusca and Arthropods.
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The axial nerve and the external fibres of the rods in Vertebrates are

so strikingly like those found in the Invertebrates, that our supposition

that the retina is formed of modified ommatidia receives some confirm-

ation. But, if we would compare the rod cells with their axial nerves,

to the double retinophorae of the Mollusca, we must carry out the com-

parison still further, and suppose that the rod cells are double and con-

tain two nuclei, otherwise we cannot explain the presence of the axial

nerve in the centre of the cell. Now in the rod cells of the Vertebrates,

we actually do find two bodies, one of which is an undoubted nucleus

with a nucleolus, and the other a refractive, unnuclear-like body. We
find exactly the same bodies in the double retinophorae ofArca, Pecten

and Haliotis, and in these cases they are undoubtedly nuclei, by the

fusion of whose cells an external nerve fibre came to lie in the centre.

Now in the Vertebrates we have the two nuclei , one of which is nucle-

olated and the other aborted, and the axial fibre, and we can explain

this condition only on the supposition that the rod cells, like the retino-

phorae of Mollusca
,

are formed by the fusion of two cells. They then

have all the essential characteristics of retinophorae, and consequently

we are justified in supposing that the retina of Vertebrates is formed

by the modification of ommatidia.

There is a striking similarity between the structure of the re-

tina in Pecten and that of Vertebrates, due solely to the similarity

in conditi ons. Ifwe should shorten the retinophorae oi Pecteii^ so

that the nuclei came to lie more in the centre of the retina, above the

rods, then we would have the same conditions found in the simple

forms of the Vertebrate retina. For instance, beginning at the inner sur-

faces of the retinae there would be in both cases : (1 ) a layer of rods; (2) a

fibrous layer or membrane (pseudo-membrane of Pecten) separating the

rods from the overlying cells; (3) the retinophorae with their nuclei,

and the inner layer of gangliouic cells [Pecten) , or Landolt'sche Keule

(Vertebrates); (4) a layer of axial nerve fibres {Pecten)^ or basal plexus

(Vertebrates)
; (5) the outer layer of ganglionic cells [Pecten, , or ganglionic

layer (Vertebrates'
, and[6)the nerve fibres of the ganglionic brauch of the

optic nerve (Pec^ew)
, or the inner layer of optic nerve fibres (Vertebrates).

In Pecten, the fifth layer, or the outer ganglionic cells, shows the

same tendency as in the similar layer of the Vertebrate retina to break

up into etages of bipolar and multipolar ganglionic cells.

I do not cousider that the frequently present, double rod cells of

Vertebrates have auything in common with the double retinophorae of

Invertebrates.
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Chapter TI '. Theoretical Bemarks Concerning the Origiu and

Function of Sense Organs and of Animai Pigment.

Living- bodies are distiiiguished by their power to absorb matter

and euergy, and from them produce high Compounds, by whose disin-

tegratiou force is liberated as motion. This sequence of events is

vitality. It consists of four processes: (1) absorption of matter; (2)

absorption of energy
; (3) production of high Compounds

; (4) the fall of

these Compounds, producing motion. An inseparable result of vitality,

but not a vital process, is excretion, or the discharge of disenergized

matter. Wehave only to deal with the second of these processes, the

absorption of energy, or dynamophagy, and more especially with

the absorption of solar energy, orheliophagy.

The most primitive and universal method of dynamophagy is

the absorption of solar energy by Chlorophyll; but in animals we have

good reason to believe that various forms of energy are absorbed in

several ways : (1 ) solar energy, by means of pigment or by nerve fibres;

(2) energy of sound vibrations, by auditory hairs
; (3) energy of coarser

vibrations, of pressure, contact, or movement, by tactile hairs; and (4)

that of gases, Solutions, or chemical Compounds, by means of so-called

taste cells. All these processes in their higher stages suppose the pre-

sence of a nervous system, and, since the development of nerves and

sense organs go band in band , we must have some idea of how a

nervous system could have originated, if we would foUow the develop-

ment of sense organs.

Let US suppose that we have before us the simplest form of a multi-

cellular animai, then all the cells will be alike, eachperforming for itself

all the functions necessary for its existence ; each cell would absorb its

own matter and the energy, or Stimuli, necessary for its conversion into

living Compounds. The relation between the matter and energy ab-

sorbed is a Constant one. The cells would tend to vary in two direc-

tions : (1) towards the absorption of more energy, or (2) of more matter.

1 The following chapter is not so much an attempt to discuss the evidence for,

er against any conclusion, as to make clear my own opinion upon the subject. With

this object in view, I have omitted the discussion of several doubtful questions,

and I have also made preparatory suppositions, which it is neither the place nor

my Intention to discuss here. My Statements have been made positive for the sake

of brevity and clearness, but they must be regarded as suggestions, for which I

can, as yet, bring no proof, rather than as positive assertions.

Mittheilungen a. d. Zoolog. Station zu Neapel. Bd. VI. 47
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But if a celi absorbs more matter than it has energy to transform , tUe

matter will remain statiouary uuless the necessary Stimulus is brouglit

from tliose cells which receive an excess of euergy, or Stimuli. But the

excess of energy in the one celi would not be lost , but transferred to

others near it, by mere contact. This would be the first step in the trans-

formation of indifferent cells, or those in which the entire sequence of

events called vitality is fulfilled, into those which perform only a part

of this process. As soon as an indifferent cell absorbs more
energy than is necessary forits own vital processes, itbe-

comes a dynamophagous, or sense celi. Those which absorb

more matter than is necessary for themselves become hylophagous.

The origin of thelatter is not so simple as that of the former, since it

was the result of two distinct processes: (1) the direct absorption of

matter by certain cells; and (2) the deposition in them, by the gene-

rating body, of matter, before they were capable of independentmotion.

To follo w these two processes is not at preseut our object, only in so

far as they bave to do with the origin of the sense cells. Webave said

that the transfer of energy from a dynamophagous celi to a hylopha-

gous one was, at first, by simple contact, and it follo ws that the two

cells must be developed side by side. Our supposition of an indepen-

deut group of indifferent cells was only to make our meaning clear, for

it is very probable that no such condition ever existed. Wesee in many
Protozoa a Constant differentiation of one pole from the other, so that

the so-called animai functions are confined to one end, and the vege-

tative to the other. According to the laws of di vision, or of segmen-

tation, such a bipolar cell would never give rise to a group of indifferent

ones, but to a bipolar body, the relation of the poles in the single celi,

and in the group of cells, remaining the same. Therefore, in the sim-

plest, multi-cellular animai, the cells are already differentiated , the

vegetative ones being confined to one pole, around which the energiz-

ing, or sense cells, would form a ring. This condition is realized in

the simplest Coelenterates. In the simplest condition, the distance be-

tween the organs receiving Stimuli and those giving them, or sense Or-

gans, is not great, so that the latter perform a double function: (1)

receive the Stimuli from without, and (2) conduct them to the necessary

centres. Such organs are very commonly found in the Coelenterates and

MoUuscs, and consist of slender cells with largo, basai, and nucleolated

nuclei, ending externally in sensory hairs and internally in long, sensi-

tive fibres (in Mollusca, usually a single one) whose exact method of

termination is unknown , but from theoretical reasons there can be but



Eyes of Mollusca and Arthropods. 707

little doubt that tbey terminate eitlier in contractile, or digestive cells,

within the body (PI. 32, flg. 153, c. d. e.).

After, or coiueident witb, tbe production of digestive and sensi-

tive cells, certain of the still indifferent, and probably ciliated oues,

developed internal, amoeboid processes which were capable of contrae-

tions caused by Stimuli received from without. The contractile powers

of a single cell can only increase at the expense of the sensitive ones.

It is not unreasonable to suppose that two cells situated close together

would possess, in unequal degrees, the power of sensitiveness and con-

tractility: but the more one cell became contractile, the more it would

lose its power of receiving direct Stimuli
,

and would tend to absorb

them from that cell which had the sensitiveness to an unusual degree;

two such cells would then become dependeut upon each other, the one

increasing in contractility, and losing its power of receiving direct

Stimuli . while the other would lose its contractility and gain in sen-

sibility in the same proportion. The sum of the labor performed by both

cells in the indifferent condition would exactly equal that performed by

the two specialized ones. The communication between the two cells

would be at first one of ordinary contact. But in proportion as the con-

tractile cell became more contractile
,

those parts devoted to this pur-

pose, i. e. the inwardly directed processes, would be more developed,

while there would be a corresponding dimiuutiou of the outwardly di-

rected part, or that necessary for receiving impressions. In its com-

pauion cell , the sensitive one , the reverse would be the case. As the

contractile cell moved more toward the interior, it could retain its con-

tractility only as long as it received Stimuli from without; it could

therefore never separate itself from its partner, the sense cell, to whose

aid it owes its contractile powers. The contractile cell would, there-

fore. draw with it a part of the sensitive one, which, siuce it must

necessarily remain in contact with the outer world, would be drawn

out into a long fibre, its line of communication with its cell partner.

The two cells have now reached an unequal degree of diiferentiation
,

since the contractile one is entirely adapted to contractility, while the

sense cell has not only to ree ei ve direct Stimuli, but trans mit them

to its partner. This is an ob\àous disadvantage, and Steps are soon takeu

to avoid it. In the Mollusca, as well as in the Coeleuterates, we have

Seen that the more highly sensitive the scuse cells are, the thinner they

become, uutil they finally communicate with the outer world by a very

fine bunch of sense hairs , while the cell body is reduced almost to a

fibre. Wehave also seen how the fine prolongations of the sense cells

47*
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in the retina oiPecten produce very fine lateral branches, which become

attached to neighboring sense cells. The same process takes place upou

the epidermis, so that one of the slender sense cells (PI. 32, fìg. 153, d],

which stili retains its sense hairs, becomes unìted to a neighboring

sense celi [e] by fine fibres. The advantage thiis gained is too great to

be left undeveloped, therefore the celi (/) assumes more and more the

sensitive roll, while [f^
—̂

j
gradually losing its sense hairs, and there-

fore the power of receiving direct Stimuli, only transmits the Stimuli re-

ceived from (/j . Webave uow reached the last change in the develop-

ment of these cells; ali are reduced to the same level, since each is

subservient to a single function. The most highly developed sensory,

nervous, and coutractile Systems are only modifications of the condition

represented by these three cells. The celi (/) is the sense organ [sy, the

muscular system, and {ß —̂
j \\^q nervous centre, which is connected on

the one band with the receptive centre for energy, or the sense organs,

and on the other, with the contractile centre, or organs of motìon. The

specialization , or growth of ali three Systems must go band in band
;

increase of one is life to the other, the loss of one, death to the other.

Sensory, muscular, and nervous Systems must primarily bave

originated from the same areas, and the growth of one in a given di-

rection is followed by that of the other.

As the origin of purely sensitive, and of conducting cells, took

place after the origin of purely contractile ones , so we find, even in

highly developed forms, a more intimate connection maintained between

sense organs and nervous centres, than between the contractile centre

and either of the other two. The above described diflferentiation gave

rise to four sets of cells, which may be divided into two similar groups:

Al, the hylophagous cells, situated at the vegetative pole of a spherical,

or ovoid, multicellular animai; A'^, contractile cells forming a ring

around the vegetable pole ; and a third ring, outside of, and concentrie

with the other two, consisting of (Ri) sense, and (B^) nervous cells. The
remaining part of the body would be composed of nearly indifferent

cells.

The continuai transformation of sense cells into conducting, or

gauglionic ones, with deeply situated nuclei, gave rise to a ring of

ganglionic cells whose union with each other and with the contractile

cells became more and more complicated.

A sense organ is a collection of cells for the reception

1 Unfortunately, not represented in the figure.



Eyes of Molluscs and Arthropods. 709

of energy. The sensitiveness of the organ depends upon
the niimber of scnse cells whieh have at that poiut been
converted into nerve fibres, or ganglionie cells, and may be

approxiinately estimated by the size of the group of gang-
liouic cells thus forrned by the modification of sensory ones.

Wehave spoken of the cells modified for the reception of the eu-

ergy absorbed. We eonsider that dynamophagous organs are of two

natures; those formed by the modification of ciliated, and those forrned

by the modification of pigmented, or Chlorophyll cells. The former

receive energy in the shape of coarse movements of the surrounding

medium, or of fine vibrations like sound: and the latter, the still more

subtle vibrations of light.

First, let US make a proposition, which we advance simply on the

gronnds of its plausibility and the difficulty we have found in explain-

ing certain facts in any other wa}', viz.: Animai pigment,

especially that of colorless plastids contained in the living

protoplasm of external, epithelial cells, is not a waste

product formed by the solar decomposition of protoplasm,

nor is it a protective covering, but a living substance with

a physiological activity necessary for the animai, and de-

pendent for this activity upon the presence of the sunlight.

These pigment granules are modified Chlorophyll

granules, and like them have the power of absorbing solar

energy.

There is little reason for supposing that pigment is a product of

decomposition. In plants, where it is well known that, under the in-

fluence of the sunlight, a Constant decomposition is in progress, there

are no pigmented waste products
;

neither is there any color produced by

the decomposition of dead animai matter in the sun, while all other

well known waste products, such as carbonic acid gas, sulphides, am-

moniates, and ureates, are formed in abundance. The supposition that

pigment is a waste product of solar energy is not so different

from my own, as the supposition that pigment is simply a dead pro-

tective covering; for it is of little consequence, for the present,

whether we regard the pigment as a waste product of solar

energy. or as the receptive agent for the solar energy, so long

as we admit that the sunlight has an important beneficiai

effe et upon animai protoplasm. Most epithelial pigments, not

modified for special purposes, are very unstable, and therefore cannot

be regarded as waste products. In some cases they are extremely resis-
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taut, but they then have a simple, protective function, as we hope to

show later.

Thepigment found deposited in the cells of the lower animals, such

as Protozoa, Coelenterates and Crustacea, cannot be a merely protec-

tive coloriug, for in innumerable cases it has just the reverse effect.

Among pelagic animals, otherwise perfectly transparent, regularly

distributed chromatophores containing red, browu, or black pigment

are widely present. These chromatophores
, aecording to the theory

that pelagic animals are transparent in order to escape notice, must be

a decided disadvantage. They are highly sensitive to changes in the

amount of light. Mayer (83) has shown that the chromatophores of

Crustacea are not only sensitive to the amount of light, but are

under the control of the will. This faet is of interest, since we must

suppose that, originally, the action of the chromatophores was involun-

tary and dependent upon Irritation from without. I have myself

observed the slow modifications in the shape of the beautifully star-

shaped chromatophores of Beroe ovata, produced by changes in the in-

tensity of the light.

It is well known that pigmeut, like Chlorophyll, is dependent for

its existence upon the sunlight; animals living in absolute darkness,

as in caves, being colorless. It is very probable that the color of

animals depends upon the color of the light they receive, those receiv-

ing sunlight directly, without reflection, showing a tendency to have
dark, or black pigment, or to be transparent, as in pelagic animals;

those living upon green objects being green, etc. That this coloration

Ì8 not due primarily to naturai selection is shown by the remarkable
modification in color undergone by those animals kept in confinement,

the change being due without doubt to the change in color of surround-

ings, and hence the color of light received, rather than to changes in the

amount or quality of nourishment. The absence of color in those ani-

mais which live in absolute darkness, as in deep caves, is very signi-

hcant. It would be of great vaine to show whether any colorless cave
animals regain to any extent their pigment when brought iuto the light.

That cave animals are colorless and blind is in direct contrast with the
fact that animals from the deep sea, where there is, presumably, no
light, are often provided with large visual organs, and are almost in-

variably intensely colored with red and purple pigments. If then this

color of the pigment depends upon the nature of the light received, and
there seems to be very good reason for believing it, then we must
suppose that certain rays of light, the red, purple and ultra-violet ones,
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really do penetrate to the bottoni of the deep seas, causing the brilliant

coloration of the animals inhabiting those places. This suppositiou would

also account for the enormous dcvelopment of the eyes, or of the so-

called »luminous organs« of deep sea-fishes.

Protozoa are highly eolored and contain pigment of all shades

from green and red to black. But this coloration cannot be regarded

as protective in the sense of making them less easily seen , since they

are so small as to be invisible, in most cases, to their enemies.

Their number does not depend hardly at all on their animai enemies,

but upon the amount of food and their power to withstand great

changes in the amount of beat and moisture. But we know that these

animals, as well as nearly all others, are greatly influenced by, or de-

pendeut upon the amount of sunlight; the effect it has upon the highest

Vertebrate animals is too well known to require any confirmation. We
cannot suppose that the light affects all parts alike, there mustbe some

Organs, or substances, particularly affected by it. Of all living organisms,

plants are most dependent upon the sunlight for their energy, and their

pigment, or Chlorophyll, is without doubt the substance affected by

sunlight. We know that animai pigment like that of plants is depen-

dent upon the sunlight for its existence, that it is extremely sensitive

to changes in the quality and quantity of light
,

and since animai pig-

ment cannot be regarded as a waste product, or as a protective cover-

ing , except in special cases, the only rational suppositiou is

that pigment is the substance in animals directly affected

by the sunlight. But what is this effect of the sunlight? It must be

either injurious, or beneficiai to the animai. The almost universal

dependency of animals upon the sunlight makes it absurd to suppose

this effect to be an injurious one. The experiments of Romanes

and Graber (81) show that many Coelenterates and Echinoderms are

heliotropic i. e. they select those places best provided with light. I have

myself noticed the same property in certain species of Ötarfish, Aste-

rias glacialis^ which always occupy the side of an aquarium next the

Window. A species of Ascidian, Clavellina, that I have often observed,

almost always has its free extremity directed towards the light. Pecten

Jacohaeics and P. opercularis, nearly always has its open side directed

towards the light ; I believe that the same is true of Cardium , Pec-

tunculus and Avicula, although my observations upon these three

genera were too scanty to be of much importance, It is well known that

very many Copepods and Cladocera show a decided preference for the

best illuminated side of a jar. The same is true of innumerable larvae
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and Protozoa. Moreover we know that light is of the utmost importance

for the contiuuation of plant life. These consideratious , together with

innumerable others, render it almost certain that the efifeet of sunlight

lipon the animai organism is a beneficiai one. Weh a ve , th er e f o r e , a r-

rived at the eonclusion thatpigment isthe receptacle of the

beneficiai effects of the sunlight upon animai organisms.

The most modified form of pigment is probably black: between

this color and the brown, yellow, and green, there is a complete grada-

tion. We find the yellow and green colors most abundant in the lower

auimals, while the black and brown are less common.

In the development of the higher animals. as in Mollusca, the

pigment first appears as colorless graniiles, or plastids,

which become yellow, yellowish green, brown, and finally

black.

In the Protozoa and even in some worms , a green pigment re-

sembling Chlorophyll, and probably having a similar function, is found.

These facts: (1) the tendency of pigment granules to form niany inter-

mediate stages between undoubted animai pigment and plant pigment,

and consequently the difficiilty in many casesofdistinguishing between

the two; (2) the greater resemblance, initsearly stages of development,

of highly developed animai pigment to Chlorophyll; and (3) the almost

complete identity in function between animai, and plant pigment, lead

US to conclude that animai pigment and Chlorophyll , are ex-

treme modifications of the same structures. We can therefore

say that Chlorophyll absorbs from the sunlight the energy necessary

for the trausformation of inorganic into organic matter : without this sup-

position vegetable matter would be a living contradiction to the theory

of conservation of energy, for we would bave to suppose that vegetable

protoplasm itself coiild create the force necessary for the conversion of

inorganic salts into organic matter. But the same reasoning will apply

equally well to animai protoplasm: it, also, must absorb, in some

way, the force necessary for the conversion of matter into higher Com-

pounds, and one way of doing this is by the absorption, not merely of

beat, but of chemical rays, or more simply, of energy from the sunlight.

In plants, this sun energy is used in the Chlorophyll grains, for in them
the production of organic matter takes place. But in animals it is

probable that the pigment granules are only the receivers of the energy,

the beli ophags as we shall cali them. while this energy is transmitted

by nerve fibres to centres where it is consumed in the production of

protoplasmic compoimdsw When a sufficient amount ofenergyhasbeen
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accumulateci in this mauner,it is suddenly discharged, in large or small

quantities. in the shape ofmotiou. In all except the veiy lowest animals
,

the energy liberated as motion more thau equals that absorbed directly

from the light; for this motion is the sum of the energy absorbed by

the animai from the sun, and that which was absorbed by plants

in the production of suitable food for the animai. We can say that

vegetable protoplasm times sun energy and inorganic matter, to the

n*^ power, equals x organic matter. Animai protoplasm times orgauic

matter and energy, to the n*^ power, equals motion and inorganic matter.

Plauts Store energy; animals convert it into motion.

Heliophags, or sun consumers, are found in animals as well as

plants. In the latter instance, they are usually present as Chlorophyll

granules, whieh, in some zoospores of the lower plants, are spe-

cially moditied to form red pigment spots, usually situated near the

ciliated pole of the spore. They probably represent modifications of

Chlorophyll adapted for the consumption of especially large quantities

of sun energy. Such spores are extremely active and heliotropic. In

Protozoa. we also find special modifications of the pigment, or of the

Chlorophyll, to form »red eye spots«. They likewise have a tendency to

be formed at the animai pole, where the vital processes are presumably

most active. In the Coelenterates and Echinoderms
, we have pigment

spots which, without doubt, are homologous with, and have the same

functions, whatever they may be, as those seen in Protozoa, and in the

zoospores of certain plants. The pigment, always red but occasioually

containing black, is here deposited in special cells in such a manner,

however, that their relation with the simpler eyes of the Mollusca and

Worms is placed beyond doubt.

Now we have already come to the conclusion that pigment and

Chlorophyll are different phases of the same substance, and have essen-

tially the same function, i. e. absorption of the chemical rays, or of the

energy of the sun. But we can show, by a comparison of the lowest

forms of ocelli , such as those formed in Protozoa
, Coelenterates and

Echinoderms , with those of still higher forms , that the ocelli are the

bodies of ali others which stand in most intimate and dependent rela-

tion with the sunlight; but they are especially eharacterised by the

high form of pigment that they contain ; therefore we are led to suppose

that the red and black pigment, but principally the former, have in the

highest degree the power of absorbing energy from sunlight. If this

be true, then the accumulations ofp ig ment cells, called ocelli,

are organs especially adapted for the absorption of sun
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energy. This supposition of course rests entirely upon our former

conclusion that animai pigment in general performs a physiological

function, and like Chlorophyll, absorbs energy from the sunlight.

This conclusion appears more reasonable to us on account of the

many difficulties which may thus be accounted for , as well as the im-

possibility of explaiuing these difficulties in any other manner known

to US. In the first place, I believe that no explanation of the function

of the ocelli in Coelenterates
,

Echinoderms , and in such Mollusca as

Chiton^ Onchidium, and Area, will be of any value, which does not in-

clude the ocelli or pigment spots of Protozoa and plant zoospores. Now
to suppose that these ocelli simply distinguish light from darkness is

absurd, for we cannot in any case suggest any reasonable necessity for

such a power. No one can fail to be impressed by the interesting ex-

periments of Romanes, who has shown that Medusae will collect with

great avidity around a ray of sun-light entering a darkened jar. No
one would suppose that they enter the light in order to see it! But ou

the contrary because they receive some benefit from it. But

how can this benefit be any other than that received by plants from the

sunlight, i.e. energy? Surely no Medusa could escape its enemies or ob-

tain its food any easier with ocelli than without them. But it is possible

that it might be able to distinguish with them whether it is at the sur-

face or at a considerable depth , and could then sink to avoid storms,

or rise to obtain food. But if we apply this reasoning to Arca or Pectun-

culus, it will not work, since both are incapable of motion, while Arca

is permanently attached by its byssus. Neither can it be shown that

Onchidium uses its innumerable eyes to escape its enemies —in spite

of the reasoning of Sempek —or to obtain its food. The same diffi-

culties apply to Chiton, which is also provided with innumerable eyes

in ali stages of development; and there can be no doubt that there are

many more animals, as yet imperfectly known, which possess so-called

eyes as numerous and as anomalous as those found in Chiton, Onchi-

dium, Arca, Pectimculus, Cardium and Pecten, as well as those of many
Echinoderms and Coelenterates.

A supposed explanation of these eyes, widely current and apparent-

ly generally accepted, is that they are organs for the perception of beat,

and that by graduai changes they developed into organs for the per-

ception of light. But I believe it would be perfectly safe to challenge

any one to show what advantage it would be for a Protozoan , Coelen-

terate, or Mollusc, to perceive beat' This theory arose from the fre-

quent presence of black pigment in many less complicated eyes , and
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consequeutly it required no great effort of the imagination to suppose

that tlie black surface absorbed the heat, and produced an impression

lipon the animai. But this siipposition was founded upon ignorance, or

blindness to the faet that by far the majority of the simplest eyes

contain only red pigment, which, as far as we know, has no special

power to absorb heat.

Even if we grant that the ocelli distingiiish the amount of heat, or

even light from darkness ,
neither siipposition woiild fiirnish any ade-

quate explanation of the hundreds, and, in some cases, thousands of eyes

present in certain Coelenterates and Molluscs. If, according to the exist-

ing suppositions, it is difficult to ascribe any function to these numerous

ocelli, and therefore any necessity for their existence, it is infinitely

more difficult to imagine any sufticient cause for their creation! But

I think that it will be generally admitted that all these difficulties are

removed, or at least rendered comparatively easy to explain, if we

accept the suppositions we have advanced in these pages.

Wehave offered some reasons for supposing that (1) animai pig-

ment has a physiological activity beneficiai to the animai
; (2) the ac-

tivity, and existence of the pigment, depends upon the presence of sun-

light; (3) that animai, and plant pigment, or Chlorophyll, represent two

phases of the same substance, and have essentially the same function,

i. e. the absorption from the sunlight of the energy necessary for the maiu-

tainance of vital processes
; (4) that the highly modified plant or ani-

mal pigment, or the red pigment which we shall call ommerythrine,

has this property to a special degree. According to these suppositions

we have no difficulty in ascribing a necessary function to the sim-

plest ocelli, neither is there any difficulty in tracing an uninterrupted

series of changes from collections of pigment or Chlorophyll granules,

to an undoubted ocellus, and these changes necessitate a eorresponding

increase of advantages to the animai. Wemay also follow the devel-

opment of the simplest ocellus from a red pigment spot of the plant

zoospores, to the most perfect Vertebrate eye, without a break in the

functional activity of the organ, or in the advantage gained from it by

the animai. We can also trace a complete series of changes

from the absorption of light energy by means of pigment,

or by nerves, up to the perception of light. Weare also enabled

to account for the increase in the number of the organs in various

groups of animals and their subsequent diminution in numbers. It also

furnishes us with the only adequate explanation of the number of highly

developed eyes in Pecteti. For instance, in ascending from the Protozoa
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to the Coeleuterates and lower Mollusc8. a graduai increase iu the

uumber and complexity of these orgaus is very easily understood, siuee

the more there are, the better it is for the animai. This proeess would

go on until by a very graduai series of changes they were converted

into orgaus capable of perceiving objeets, or fine differeuces in the gra-

dation of light. There would be a tendeucy for ali of the organs to be

modified in the same direction, until finally they are converted into

many structural ey es (as in Pecten and Arca). But under general cir-

cumstances, the uumber of eyes necessary for an animai is very small,

so that a degeneration would set in by which the organs would be re-

dueed in uumber. Such appears to be the case with Pecten and Arca.

But in many instances it is supposable that the degeneration would not

be rapid, for both functions would be held at once; there would

be too many eyes for seeing, but not too many for the absorp-

tion of energy. For instance the amouut of energy absorbed would

depend upon the most perfect condensation of light upon a given area;

as we shall see later, this energy is absorbed in the higher forms, directly,

by especially modified nerve fibres. Thus it happens that an organ

most perfectly adapted for the condensation and absorption of the

greatest amount of energy, is likewise perfectly constructed for the

perception of objects. The formation of an inverted image in a visual

organ is an incidental result of the most advantageous con-

centration of light; but this is just the condition essential for

the most perfect heliophagous organ. Therefore we bave an

organ that can perform to great advantage two functions at

once; this is the essential, and only possible condition, upon
which we are able to explain the change of function in organs.

However perfect the conditio ns might be for the perception of objects,

no true visual organs would be produced, and therefore no perception

of objects, until the various Systems of organs were suffici ently deve-

loped for the performance of this highly complex proeess. The con-
struction of the eye of Charyhdaea, is sufficìently perfect for the per-

ception of objects. But ìf we imagine the most perfect Vertebrate eye

attached to a Coelenterate, there could never be any perception until

other faculties were developed in the highest degree. There is a

greater difference between the most simple and most complex Vertebrate

retina, than between the most simple Invertebrate one and that of

Pecten. In fact, the latter excels in complexity that of the lower fishes,

or of certain reptìles; it also possesses an advantage over the retina

of ali Vertebrates in the absence of a blind spot.
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A simple form of lieliophag Ì8 a red pigment spot usually situ-

ated near the animai pole of a single cell (zoospores and Protozoa). In

such cases, no nerve fibre8('?)are present, and therefore these receptacles

of energy are situated near, or in the centre, of animai activity, that is

in the centre of the greatest consumption of energy. In the Coelen-

terates they are necessarily situated near the nervous system, for the

latter is simply an aecumulation of ganglionic cells arising from the

ocelli and other sense organs to be spoken of later. The ocelli consist

of colorless and pigmented cells. The latter are, in nearly all cases,

pigmented at their outer ends, and if we suppose, as we have good

reason to , that the same method of nerve endings prevails here as in

the Mollusca, then there will be the re ti a t er minali a of nerve fibres

over the outer ends of the pigmented cells, and therefore exactly in the

Position necessary to receive the light Stimuli given to the pigment, and

.carry them to the necessary centres.

Weoften hear it said of any pigmented spot that it is not an eye,

but simply a meaningless collection of pigment. No good reason can

be given why this should be called a mere pigment spot, and that an

eye. Wecannot say that one is a pigment spot on account of the ab-

sence of nerves, and the other is an eye spot because it is supplied with

nerves, because it is to be presumed that nerve fibres of some kind

are everywhere present in the skin; and moreover the iustances in

which actual nerve endings have been proved to be present or ab-

sent in pigmented areas of doubtful meaning are extremely few. For

instance , one of the pigmented cells in the skin of Beroe or of Phro-

nima would be considered as pigment spots, but an exactly similar spot

on the head of a worm or of a larvai Mollusc would be an ocellus ! I think

it would puzzle those who believe that pigment is a waste product to

aitempt to define the difference in the function of a pigment spot like

that found in the skin of Phronima, or in the velum of a larvai Poly-

gordius, and a simple eye spot or ocellus like that in some Protozoa, or

in larvai Worms, Molluscs, etc.

In the development of ganglionic, from sense hair cells, we have

said that the former were sense cells too delicate for the direct recep-

tion of the coarser vibrations, and therefore they were modified for

conducting sensations, and other scuse cells, for the direct reception of

them. This process is somewhat modified for the reception of the

most delicate of ali vibrations, that of light, in that in the higher

forms it is probable that the nerve fibres alone receive the light vi-

brations.
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In the simplest heliophags , the red pigments play the most prom-

inent role.

With the aecession of more uerve fibres , an increase in their sen-*

sibility, and a more advantageous arrangement, they are enabled to

receive the light vibrations directly, withoiit the Intervention of pigment.

It then becomes diffìcult to distinguish between pigment destined for the

reception of energy, and that for secondary, protective purposes.

What might
,

perhaps , furnish a rather uncertain criterion as to the

nature of the pigment, would be its solubility. Chlorophyll, as is well

known, is extremely unstable, and soluble in many fluids, even in water,

but more especially in alcohol. The pigment of the lower animala is

very often soluble in alcohol , the red pigment, almost without excep-

tion. The red pigment in the eyes of starfish is entirely dissolved by

alcohol (Carrière). In Cardium this is also the case as well as in Pecten

(at least sections oi Pecte?i eyes, killed only with alcohol, were colorless).

Sections of the red pigmented eyes of Euphausia^ treated only with

alcohol, are also colorless. The red coloring matter in the rods of the

Vertebrates. is destroyed even by a short exposure to the sunlight. But

it is well known that the pigment in certaiu compound eyes is extra-

ordinarily diffìcult to dissolve. Such pigment is undoubtedly of a pro-

tective nature, as we bave various reasons for believing. The pigment

spots of Phronima are dissolved with sublimate, so is also the brownish

red pigment on the wart-like papillae in the skin (òi Pterotrachea ^ as

well as the black pigment of the eye. It can be no mere accident that

the eye-spots of zoospores and of almost ali Protozoa, Coelenterates, and

Echinoderms, should be red as well as the tapetum of the eyes of Pecten.

Alciopa, and Euphausia. Wherever the eyes appear to be entirely

black , they will probably be found to contain a mixture of red and

black pigment, producing brown, or the red pigment will be found in

the rods alone. It also appears that the red color, like the reflecting

surfaces, is best developed in the eyes of nocturnal, or deep sea ani-

mals.

The appearance of retinophorae, and the arrangement around them
of pigment cells, is an extremely primitive and universal arrangement.

In the Coelenterates, the retinophorae seem, from their shape and general

appearance, to be true scuse cells. It seems to be a general law that ali

sense cells are colorless.

The most economie distribution of a given number of pigmented,

and sense cells upon a given area, so that each pigment celi should

touch a nervous one, would be the arrangement of the pigmented cells
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in a single circle around each colorless or nervous one ; then, since the

nerve fibrillae are distributed over the walls of the colorless cells, they

would come in contact at all points with the pigment ofthesurrounding

cells. This might possibly account for the first appearance.of the om-

matidia: buti aminclined to regard the subsequent, progressive develop-

ment of the retia terminalia overying the colorless cells, as being due, as

already remarked, to the appearance of the refractive granules, in cou-

sequence of which the overlying nerve fibrillae , or the retinidium of

the retinophora, became doubly irritated, by the incident rays, as vrell

as by the same when reflected by the refractive plates or globules

beneath. The rods of the retinophorae owe their predomiuaut devel-

opmeut not only to the underlying reflectors, but also to the presence

of the axial nerve, which reached its position by the union of two

adjacent cells, and the disappearance, partial (Insects, Crustacea etc.)

or complete [Pecten, Cephalopods, etc.), of the apposed cell vralls. This

axial nerve permits the most economic arrangement in e tage s

of radiating fibrillae, which are always at right angles to the

direction of the rays of light. By the concentration of the latter

at varying levels, perfectly distinct impressions would be produced, a

result that could not be obtained by simple and vertical axial fibres.

The retinophorae, without exception, seem to be double in the

Mollusca , and probably in the Worms as well. In the Coelenterates,

they appear to be single, but it is not improbable that a closer examin-

ation would in some cases show them to be double also. That the

retinophorae are double in the Vertebrates we have the very best rea-

son to believe ,
owing to the presence of the axial nerve fibre and the

two nuclei.

A moments consideration will show that »rudimentary« eyes are

not the only dynamophagous organs of the lower animals. The numer-

ous otolithie sacs found in certain Coelenterates have been regarded

as rudimentary hearing organs ; but I think it would puzzle any one to

explain why it is necessary for a Medusa to hear. It is absurd to sup-

pose that these organs enable them to escape their enemies better , or

to obtain more food. If it is difficult to ascribe any adequate function

to these organs, which have, even in the Coelenterates, reached a high

stage of development
, how much more difficult is it to discover any

sufficient explanatiou of how , and by what agency they reached their

present development, or how they were first brought into existence.

For although an organ for the transmission of» sound vibrations into

corresponding nerve sensations is very useful to the higher animals,
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which are able to distinguish between the different kinds,

it would be absurd to suppose tbat a Coelenterate, with its simple

Organization, could make a similar use of such an organ.

Surely, then, these otolithic sacs cannot function as auditory organs,

in the ordinary sense of the terni ; but that they are homologous with

them, orhavean analogous function, i. e. the reception of vibrations,

is beyoud doubt. Weare therefore compelled to assume that they, like

the eyes , are structures which bave , or may bave, two different func-

tions ; that construction most advantageous for the performance of the

first beiug likewise most favorable for the performance of the second.

When the structure of the organ reached this condition, equally favor-

able for the performance of either function , then the transfer of func-

tion took place.

The difficulty of accounting for these organs according to the

generally accepted, or prevalent views has led me to explain their

existence by supposing that they are not organs by which the animai

becomes cognizant of certain vibrations, but organs for the recep-

tion, and for the conversion, of these vibrations into nerve

Stimuli. Upon these Stimuli, together with those received by other

organs, depends the entire activity of the animai. There is no such

thing as voluntary muscular contraction in these simple organisms.

Ali the contractions depend upon Stimuli received from

without, and which are carried by the nerves to the con-

tractile organs; however slight these irritations are, stili

they are forms of energy and just the energy, or force,

necessary to liberate that potential energy contained in

complex protoplasmic Compounds, in the shape of motion.

The Stimuli may also be used for the concentration of the energy

contained in comparatively large quantities of matter into a much
smaller volume. Additional Stimuli liberate the energy as motion. It

is very probable that ali sense hair cells convert the energy of move-
ment, or coarser vibrations, into nervous Stimuli.

The amount of work done by these Stimuli depends upon the

amount lost in receiving and transmitting them, or, in other words, upon

the delicacy of the scuse cells and nerve fibres. Therefore the isolated

and unprotected sense cells teud to accumulate in groups, sheltered in

pits or sacs. Accessory bodies in favorable positions, as otoliths, are

added to incorporate the vibrations, so to speak. Now a Medusa may
possess an otolithic sac capable of recording to perfection the fìner

vibrations, and Converting them into corresponding nerve sensations
;
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but little more coiild bc said of any auditoiy orgau; yet, iu spite of this

fact the Medusa would bc infinitely removed from hearing. But such

a structure could at once become a true auditory organ as

soon as the animai was sufficiently organized to distin-

guish. by association. certain vibrations from others, so

that some would cause contractious, and others, equally

strong. would not. This definition is an arbitrary one, but it ap-

pears probable that some such changc must havc taken place in all audi-

tory Organs, at one time or auother, just as in the eye. It would be,

however, extremely difiicult to decide, in innumerable cases, whether a

certain animai with an otolithic sac simply received a Constant current

of Stimuli through it, or whether it was able to associate certain kinds

of Vibration with certain conditions, so that different muscular contrac-

tious would follow. This, however, earries us away from our snbject

into the uncertain domain of the origin of the will.

Physiologists consider that the Constant semi-contracted eondi-

tion of the muscles in the human body, is due to a Constant stream of

impressions, however minute, received from the skin and sense organs.

It is a well known fact that the otoliths of a great many Mollusca

and Worms are in a Constant state of Vibration, so that a stream

of energy must be transmitted, by the sense hairs receiving the blows

of the otoliths ,
through the nerves , to the various centres where the

consumptiou of energy takes place.

Another form of sense hair cells is that which records the impres-

sions produced by various changes in the chemical composition of tluids

or gases, giving rise to the perception oftaste or smeli. These pro-

cesses are much more obscure than those of hearing. Smeli and taste

cells are. undoubtedly, modifications of the sanie Clements, for function-

iug under different conditions
; the distinction between them is without

doubt. wanting iu the Invertebrates, and possibly in many Vertebrates.

It is possible that the so-called olfactory pits of the Coelen-

terates, Mollusca
, and Worms arose as modifications of ciliated respi-

ratory cells. Let us suppose a patch of ciliated cells, either used for

locomotion or respiration ; now it is known that in some way or other

carbonic acid gas acts as a Stimulus, and causes, for a certain time,

renewed activity; it is not improbable that other noxious substances

would produce the same effect. It is also probable that some of the

cells would be more aft'ected by certain Compounds than others. Such

cells. from being at first simply stimulated by certain fiuids or Com-

pounds, would. by a series of changes exactly similar to those under-

Mittheilnngen a. d. Zoolog. Station zu Neapel. Bd. VI. 48
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g-one by the au ditory and visual cells, be converted into cells especially

sensitive to these clianges.

We bave already seen bow Constant tbe two kinds of cells are in

tbe lower forms of eyes , and bow a single or compound sense celi is

surrounded by pigmented ones. A remarkable similarity maybe found

in tbe arrangement of tbose sense cells supposed to bave tbe function

of testing tbe cbemical composition of tbe vt^ater.

Over a year ago , before tbe present paper v^as tbougbt of, I made

some studies upon tbe sense papillae of Mollusca , especially of Pecten

and Haliotis, and, in looking over tbe drawings tben made , I find tbat

tbey confimi, in general, my couclusion conceruiug tbe structure and

Innervation of tbe sense cells, and tbeir graduai transformation into

ganglionic ones. Tbere are several points wbicb I desire to examine

once more before publication, but one or two facts will be of interest to

US bere. In Haliofis, eacb papilla eontains a centrai coreoftwelve

sense cells ending inwardly in as many single fibrous prolongations,

wbile tbeir distai e^tremities, just beneatb tbe tip of tbe papilla, are

fused into a single, protoplasmic mass. Tbe tip of tbe papilla is sur-

rounded by a perfect circle of numerous, stiff sense bairs, eacb of wbicb

is connected witb tbe fused ends of tbe sense cells by a minute fibre.

Tbe wall of tbe papilla is clotbed witb trumpet-sbaped sense cells end-

ing in single fìbres. Eacb papilla also eontains 8 very large, club-sbaped

and gland-like cells filled witb innumerable, but distinct, refractive

bodies , and extending tbe wbole lengtb of tbe papilla , terminating- at

tbe outer extremity in a bent end. Tbey form a not very compactly

arranged circle arouud tbe centrai core of sense cells.

In Pecten, tbe papillae are essentially of tbe same structure, but

smailer. Tbe buucb of sense cells is reduced to eigbt, wbile tbere is

only one large gland-like celi.

In Lima, tbere are no sense papillae, but tbe long tentacles contain

rings of sensory and gland cells, witb smootb intervening Spaces, wbicb

cause ajointed appearance. Some of tbe gland-like cells are enormous,

and are usually arranged in twos ; between tbeir outer ends is a minute

sense celi ending, externally, in a tuft of stiff bairs, and inwardly

in a long fibre. Tbe sense celi is tberefore enclosed in a circle of two,

large gland cells.

In tbe organs of taste, and in tbe sense organs of tbe lateral line,

tbe sense bair cells are usually arranged in groups, surrounded by

circles of large gland-like cells, often called support cells. Tbe almost

Constant, if not universal association of these gland cells, witb sensory

I
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ones venders it certain tbat tliey have an important plij'siological func-

tiou to perforili.

The gland cells in Mollusca contain a transparent substance which

cxpands enormonsly when broiig-ht in contact with water ;
—I b clic ve

tbat tbeyalso possess the power toabsorb to a great degree

gases or otber substances beld in solution. It bas been suggest-

ed tbat tbe slime cells are closely united witb sense bairs so tbat tbe

sligbtest Irritation would cause tbe immediate secretion of tbe slinie,

wbicb miglit bave a poisouous property. Tbis explanation sounds fairly

reasonable wbeu applied to tbe Mollusca ; but it loses its force wben

applied to tbe sense organs of tbe lateral line, or to tbe organs oftaste

in tbe Vertebrates. Wbatever effects tbis absorption bas upon tbe

gland cells , causiug contraction or expansion , or concentration of tbe

foreign gases or fluids. —could tben be transmitted to tbe adjacent

sense cells. It is difficult to imagine just bow an odor, a gas, or any

foreign substance beld in solution . would affect a sense cell , but tbey

surely do affect tbem in some way, causing distinct sensations. If we

bad certain cells placed around tbe sensory one, for tbe absorption of

tliese gases or fluids, tben tbe effect would be intensified, or mucb

smaller quantities of foreign matter would cause sensations. If tbis be

true, tben one of tbe sense papillae of Haliotis, or groups of cells in

Lima, migbt be compared witb an ommatidium. In botb tbere are central

sense cells surrounded by pigmented, or glandulär ones, for tbe absorp-

tion, and tberefore intensification, of tbat particular form of Vibration

for wbicb the organ is developed.

It is extremely difficult to express in words tbe difference between

a respiratory ,
or locomotive cell ,

wbicb is simply irritated to renewed

activity by tbe presence of irritating substances in tbe water, and one

wbicb is a pure sense cell, or destined simply for tbe reception of such

Stimuli, wbicb are tben transferred to otber cells. But we may say tbat,

ingenerai, all cells are susceptible to Stimuli from witbout.

Each one may receive directly only Stimuli enougb to sus-

tain its own vital processes; when, bowever, it receives

more Stimuli than are necessary, tbe surplus beiug trans-

mitted to otber cells, it becomes a sense cell, or a cell

specially adapted for tbe reception of Stimuli.

Animals receive Stimuli, or energy, in various forms; from tbe sun,

sound, movemeuts and cbeniical Compounds, and tbey bave various

forms of organs for the reception of each form of energy. Plants, how-

48*
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ever, bave but onekiudofdynamopliag'oiisorgan, i.e. cliloropbyll, wbicb

absorbs ouly solar energy.

The fully developed eyes of tbe Vertebrates, and big-ber Inverte-

brates, bear tbe sanie relation to tbe isolated ommatidia tbat tbe bigbly

developed organs of smeli and bearing do to tbe isolated tactile and

olfactory hairs of the lower Invertebrates. In botb cases tbe fiinctional

perfection of tbe fully developed organ depends, primarily, upon the

aceumulation of tbe constituent elements at definite localities and their

coincideut, progressive development ; and secondarily, upon tbe addi-

tion of organs for tbe aceumulation or intensificati on of tbe vibrations

to be transmitted to tbe seat of perception. In tbe lower forms, as in

tbeCoelenterates, tbe sense org-ans, ocelli, otolitbic sacs, olfactory pits,

and sense hair papillae, or tentacles, are mainly coufined to a narro

w

ring surrounding- tbe digestive tract. As we bave said, tbe acquire-

ment of certain properties by certain cells of a colouy necessitates the

loss in a corresponding degree of otber faculties. But tbis loss is, on

the otber band, made good by tbe special development in neigbboring

cells of tbose properties lost hy tbe otber, and a loss of tbose it had

gained. Tbe dynamopbag-ous, and bylopbagous faculties were tbe first

to be specialized. The latter cells were, by the laws governing- segment-

ation, confined to tbe so-called vegetative pole, wbile, immediately

around them, was formed a ring- of sensory cells, increasing in sensitive-

ness according as the vegetative cells lost tbis faculty. As tbis sensory

ring was more specialized, its cells became modified in diflferent direc-

tions for the reception of various forms of energy. or irritants, giving

rise, in dose proximity to each otber, to ocelli, otolitbic sacs, olfactory

pits, and sense hair cells.

The almost universal presence. in ali kinds of eyes, of some re-

flecting body showing the greatest variety in structure and origin . in-

dicate« tbat it must bave some very important fuuction to perform in

the process of vision. Just as pigment, the reflecting body or argen-
tea, may be found in two different localities, where the part it has

to play must be essentially diflferent. For instance, reflecting membranes
may be found outside tbe eye, as in Fisbes, Cepbalopods, Worms etc.

or witbin tbe eye, bebind the retinidia. In the first instance they

serve, instead of pigment. for tbe exclusion of lateral rays of light.

Tbe latter they bave auotber purpose, tbat of retìecting tbe light so tbat

it passes a second time tbrough the nerve fibrillae of tbe retinidia ; in
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other words the argentea, iustead of absorbing, like pigment, the rays

of light, reflects them, so that the intensity of the light irritation is doub-

led. The aigentea has, then. a function not necessaiy for the percep-
j

tion of light and it may be absent or present according to the habits '

of the animai. Nocturnal ones, which must make the most of the little
j

light at their disposai, are conscquently well provided with the reflect-

ing surfaees. Those lishes which are best })rovidcd with reilectors are

either nocturnal, or live in deep water where there is little light.

Many animals, as Cardium^ Area and Pecten^ are provided with

numerous eyes, rather for the reception of great quantities of light than

for fine destiuctions of its gradatiou. Such animals are likewise pro-

vided with reflecting surfaees for collecting and economizing the light.

In the very simple, isolated omniatidia, the central cell is colorless,

and beneath the retinidium is a layer of refractive granules which , as

we may easily see upon a superficial examination, act as minute reflec-

tors to the rays of light which have passed the overlying retinidia. We
have here the explanation of the almost universal absence of pigment

in the retinophorae
, and the predomiuance which their retinophorae

have acquired over those of the pigment cells.

The brilliant sparkle of the faceted eyes of Area is due to the layer

of refractive globules at the base of the retinophorae. In Pecten the

rods are reversed, and it is therefore impossible for the retinophorae to

act as reflectors; therefore a single but large, cellular reflector, the ar-

gentea, is formed back of the rods. In this case, the argentea has be-

come so perfectly developed in its reflective powers and curvature that

rays of light, forming inverted Images upon the rods, are perfectly re-

flected by the argentea , and again brought to a focus so as to form a

second image upon the first (PI. 32, fig, 149). It is extremely

probable that the argentea of the Vertebrate eye fulfils the same

function as that of Pecten.

Just as the formation of inverted Images upon the retina is an in-

cidental result of the best concentrationof light upon a gi ven surface
,

so is the formation of a second image by the argentea an incidental

result of the most perfect reflection of the light. It is also worthy of

notice that both the reflected and incident rays are approximately parallel

with the rods through which they pass, and therefore parallel with the

axial fibres, but at right angles to the fibrillae of the retinidia.

In the Insecta andCrustacea: the frequent presence of the swelling

at the base of the retinophorae, or the pedicel, composed of alter-

nating layers of differently refractive plates, the arrangement of whose
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surfaces is so aclmirablyadapted for reflecting- liglit, iudicates that they

may liave a function sirailar to that of the argentea. This supposition

is strengthened by the fact that such stmctuves are often found in noc-

turnal Insects.

The views expressed concerning the function of the argentea were

the result of the direct Observation of a second image in the retina of

Pecten. I inspected ali the more probable sources in hopes of finding

some hint as to the function of the argentea in other animals, but with-

out success. Even in the large Physiology of Hermann, in Wieders-

heim's Comparative Anatomy of the Vertebrates, and in the Histological

text-books, I could find no hint or reference to the subject. After my
notes upon the argentea were completed , Prof. Doiirn very kindly

called my attention to Leuckart's summary in the Handbuch der

Augenheilkunde of Graefe and Saemiscii, p. 218, where he speaks of

the argentea as intensifying the light efl'ect, in that it causes the same

ray to pass twice through the samc rod. Although there is an agreement

between these views, which appear to bave been neglected by later wri-

ters, and those expressed above, concerning the ultimate eflfect produc-

ed by the argentea, i. e. to intensify the light irritation, there is a

radicai diflference in the manner in which we believe such an effect is

produced. According to the vìcav elucidated by Leuckart, first ex-

pressed by Brücke '52a) and subsequently repeated by Helmholtz

(52b) a ray of light once entering a rod could not leave it on account of

the different refractive indices of the cortical layer of the rod and the

axial portion ; each rod would be acted upon by an incideut and re-

flected ray, both follo wing approximately the longitudinal axis of the

rod. According to this view, then, sincc the rods are pa-

rallel with each other, ali the incident and reflected rays

would also be parallel, andneither an incident nor'a re-

flected image could be form ed! That such an effect does not ob-

tain is evident from the fact that a second image is actually formed by

the argentea oi Pecten, proving that the rays of light do no t become pa-

rallel owing to the reflection caused by the sheath of the rod. In Pecten,

at least, the rods form a perfectly continuous layer; the difference be-

tween the refractive index of the axial core and that of the rod sheath

is, in ali probability, produced by the differentiating effect of the rea-

gents. That these changes are probably artifìcial and post-mortem is

shown by examining the fresh retina, or lens, when it Avill be seen that

the difference between the refractive indices of the nuclei, celi walls,

and protoplasm, is so slight as to produce no disturbing optical effect.
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The diiference between the refractive index of the nuclei and that of

the suiTounding" bodies is g-reater than that between the sheaths of the

rods and tbeir axial eores ; bat tlie light passes withont any disturbing-

effect through several layers of larg-e nuclei and thick cell walls, so

that it is not probable that the rods, which are much more homogene-

ous, would cause any breaking: up of tlic rays of light.

As we construe the facts, the result would be that the rays of light

from any externa! object are brought to a focus upon a definite niveau

in the layer of rods, and there aet upon a certain layer of cross, retini-

dial fibrillae, produciiig at that point an impression of an Image ; the

divergent rays then impinge upon the concave argentea, and, by re-

flection, come again to a focus in exactly the same place as before, and

therefore upon exactly the same set of cross fibrillae. In all parts of

the rod layer . except at the common points wliere both incident and

reflected Images are formed, no di st inet impression will be produced

except that of light.

Chapter VII. Reniarks upon the Classiflcatiou of Eyes.

The facts and deductions stated in the foregoing pages tend to

show that all eyes consist of ommatidia, upon the construction and

arrangement of which depends the perfection of the eye. Therefore any

Classification of eyes should be founded upon the modification of the

ommatidia. But it is certain that many complex eyes have originated

independently, in very limited groups of animals. Therefore we can

classify eyes, ( I
) as organs which attain essentially the same ends by

various means. »Such a Classification would entirely ignore the genetic

relation of the animals possessing the various types of organs. (2) We
may classify eyes —having principally in view the genetic relationship

of their possessors. On account of the frequent, independent develop-

ment of eyes in closely related forms, the latter method cannot be

logically applied except in restricted groups, and even then with con-

siderable uncertainty.

Grenacher (39) is inclined to lay great stress upon the fact that

the retina in Cephalopods and Heteropods is single layered. His ar-

guments in favor of his opinion are remarkable ones. He says, p. 216:

»Am prägnantesten gebe ich vielleicht dem scharfen Gegensatz, in

dem ich mich darin zu meinen Vorgängern finde, dadurch Ausdruck,

dass ich überhaupt eine «Schichtung« der uns hier beschäftigenden

Retina nicht anerkennen kann, und den Gebrauch dieses Wortes als
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inadäquat dem Avirklichen Sachverhalte verwerfen muss. Der Aus-

druck ist ein Überbleibsel einer irrigen Auffassung- und Deutung der

Beobachtungen, daher bei der Einführung einer neuen, besseren, zweck-

mäßig völlig zu cassiren; mag er für die Wirbelthierretina auch noch

so gut am Platze sein, hier, wie überhaupt bei Evertebraten, ist er es

nicht. Man halte es nicht für bloße Wortklauberei
, wenn ich ihn be-

seitigt wünsche: die Worte des wissenschaftlichen Sprachgebrauches

sollen doch ein möglichst richtiges Bild, nicht aber falsche Vorstellungen

von den Dingen, die sie zu bezeichnen haben, geben. —Ein Beispiel

wird wohl am besten zeigen, aus welchen Gründen ich den Ausdruck

beanstande. Sieht man einer aufgestellten Reihe Menschen, etwa

Soldaten, entlang, spricht man da von einer »Schicht« Köpfe, einer

Brust-, Bauch-, Bein-»Schicht« ? Genau so, wie hier Kopf, Brust,

Bauch und Beine integrirende Bestandtheile derjenigen Individuali-

täten sind, aus denen sich die ganze Reihe zusammensetzt, genau so

sind auch die Zellenschicht, Pigmentschicht, Stäbchenschicht nur ge-

bildet aus Difterenzirungsproducten derjenigen Einheiten, aus denen

sich die Retina aufbaut : der Retinazellen.«

He has niade a most excellent comparison, but unfortunately for

him it proves just the opposite of what he desired! According to this

comparison, the dififerent zones are formed by the diflferent parts of

exactly similar cells; that is if there is a rod layer, a pigmented

layer, etc., there should be a corresponding part in each and
e V ery cell. That is, e very cell should have a rod, a pigmented band,

a colorless portion etc. This he knows is absurd and cannot be true, for

in the Arthropods there are several rows of pigment cells; some scerete

rods and some do not, and again some are colorless and give rise to

the crystalline con es. In Limulus and Scorpio, Lankester has proven

that there are two or three layers of pigment cells which scerete no

rods, while there are colorless cells which do. In the Cephalopods and

Heteropods he has just taken especial pains to demonstrate that there

are two destinct and widely diflferent kinds of cells present, some pro-

ducing the rods, and the others, according to him, secreting the limiting

membrane. If he will take the pains to refer to Hensen's excellent

work (12), he will tind that the retina oi Pecten consists of two distinct

parts, an outer layer of ganglionic cells, and an inner one consisting

of the retinophorae hearing the rods. These facts are sufficient to show

that Grenaciiek's stand on the subject has been poorly choseu. I

cannot agree with him, for my own observations tend to show that in

all Molluscan eyes, except the faceted ones of Area, there is a tendency
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for the retiniüae, or pig'mented cells to lose their rods , and become

transformed into g'aiig'lionic ones. According* as tbis process is more or

less complete, we bave a greater or less teudeney to form layers of re-

ti uiilae, ganglionic cells, and retinophorae.

It is diffieiüt to g-ive any satisfactory definition, covering all ckses,

of a single or double layer of cells. Compound layers may obviously

arise in two way^- by folding, er by delamination. He who would re-

gard the retina of Cephalopods , Heteropods, and Pecten^ for instance,

as a single layer, must do the same for the retina of the Vertebrates

(not including the ehoroidea). If we regard the retina of Vertebrates

as single layered, because it originated from a single embryonic layer,

then we would bave the same right to say that the brain consists of a

single layer of cells. Wewould also bave to regard the entire omma-
teum of the compound Arthropod eye, together with its underlying optic

ganglion, as forming a single layer, since both bave originated from a

single row of hypodermic cells. But both of these extremes lead to an

evident absurdity. The retina of the Cephalopods or Heteropods is

no more formed of a single layer of cells than the optic ganglion and

ommateum of the Arthropod eyes; the latter represent an extreme con-

dition of the same kind of change that is going on in the eyes of

Cephalopods, Pecten, or Vertebrates. In ali sensitive layers, a dela-

mination of the single row of embryonic, hypodermic cells, into sense

and ganglionic ones, takes place. In Cephalopods for instance, the

delamination has resulted in the production of the optic ganglion and

the retina, both of which are never entirely separated from each other.

The retina then undergoes stili further delamination, in that some of

its cells become ganglionic, but without being separated any distance

freni the true sense cells. The retina in Vertebrates has undergone an

exactly similar process. The Separation of the retina from the optic

ganglion (the thalamencèphalon) takes place very early, and is modified

by secondary changes. A further delamination of the primitive retina

into several layers gives rise to numerous strata of ganglionic cells,

which only differ from those of the brain in that they are not so far re-

moved from the true sense cells. The same process has occurred in

Pecteìi, as well as in Haliotis. except that in the latter case the number

of ganglionic cells closely united to sensitive ones is very small. In

Arthropods, the delamination of the single row of primitive, hypoder-

mic cells early gives rise to the optic ganglion and ommateum, ali the

ganglionic cells being removed from the ommateum to the optic gang-

lion. An ommateum therefore consists entirely of sense cells and pro-
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tective ones, or retinulae; the arrangement of the cells is necessarily

such that there is no room for ganglionic ones. This applies te the

compound eyes of Arca as well as those of Crustacea and Insects.

In the ommateum, there is a very marked efifort to from a single

layer, since each of the retinulae and retinophorae, although greatly

enlarged at varying levels, invariably extend from the inner to the

outer surface of the ommateum. But stili in the str^ctest sense it can-

not be regarded as a single layer , since it contains also the nerve

fibres, which must be considered as the outer ends of ganglionic cells

originally situated between the ommateal cells.

Weshall attempt to follow the ommatidia in their various phases

of modification.

Among those heliophagous organs less specialized than the omma-
tidia, may be mentioned Chlorophyll, the red eye spots of zoospores and

of Protozoa; the ill-defined red, yellowish or black pigment spots found

upon the general epithelium, or upon the tentacle tips of larvai Echino-

derms, Worms etc.; the red, orange, or l)lack, star-shaped chromato-

phores of mauy Crustacea and Coelenterates ; the chromatophores of

Cephalopods, and the beautifully radiating pigment cells so commonly

found in the larvae of pelagic fishes. Although the highly complicated

Cephalopod chromatophores, the development of which shows that

they bave several points of resemblance to the ommatidia, may be

useful as protective organs , it does not follow that this is their only

function, neither could it bave been their principal, or originai one, for

on this supposition we can give no satisfactory explanation of their ori-

gin. It is more than probable that they stili act as heliophags, and that

their protective function is an incidental and secondary one.

There are often very extensive deposits of pigment at the outer

ends of epithelial cells in Molluscs, and there f ore in just

those places where the retia terminalia are most abun-
dant. When the pigment serves a purely protective purpose, it is

deposi ted at the inner ends of the cells, as in the iris o{ Pecten. A stili

farther differentiation is produced by the development, at certain, limited

areas, of a clear space beneath the very outer layer of the cuticula;

this space contains the greater part of the retia terminalia, while just

beneath is the Stratum of pigment.

Beginning with a simple pigmented layer, ommatidia arise by the

formation of pigmented cells around a centrai colorless one provided

with a nucleolated nucleus. Such organs undergo the following changes:

(1) they collect at certain points to form ommateal tracts; (2) the color-
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less cells, or retinophorae , become double, and acquire axial nerve

fibres; (3) the retinidial cuticula beconics thickened, and over each cell

divides iuto Segments, the rods, containing specialized parts of the retia

terminalia; and (4) the retinophorae develop argeutinulae. Groups of

such onimatidia may reniain upon an even surface, or becomé in-

vaginated; in either case they form a retineum (e.g. pseudo-lenticulate

eyes of Area or HaUotis). If both the retinulae and retinophorae retain

their rods. which form a continuous layer. a primitive retineum is

produced (e. g. HaUotis). If the retinulae still retain their pigmeut, but

lose their rods. a secondary retineum is formed (Heteropods and

Alciopidae); this is a condition prior to the formation of a retina. If

the ommatidial tract becomes convex, the retinulae lose their rods and

form a protective ring around the highly developed rods of the retino-

phorae. The rods, therefore, no longer form a continuous layer, and

an ommateum is produced (compound eyes oi Area).

In all Molluscs the rods retain their primitive, terminal position.

Arthropods are characterized by the frequent presence of axial rods, ,

the terminal ones being found only in the simplest ocelli. In the latter :

case the ommatidia form invaginate retinea which may w^ithout other

change be gradually converted into an invaginate ommateum
, by the

development of axial rods in the retinophorae (Spiders, Scorpions and

Limulus). In the latter genera, the retinophorae increase to fi ve or ten

in number. By the evagination of the cup-like ommateum, this form

reaches its highest perfection, giving rise to the compound eyes of In-

sects and Crustacea; during this proeess, the retinophorae of each

ommatidium increase to four in number.

By the great development of the retinophorae and their rods, and

the conversion of the retinulae into colorless, ganglionic cells, a retina

is formed [Pccten and Vertebrates). The latter always contains a great

many ganglionic cells in intimate association veith the retinophorae.

In a retineum, there are very few ganglionic cells; in the ommateum
there are none.

In a retina, the inverted position of the rods is due to the devel-

opment of the outer wall of the optic vesicle, instead of the inner.

Some of the more important groups of ommatidia may be arranged

in the foUowing manner ;
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Tecliuique.

Notwitlistauding- tlie fact tbiit a cousidevable number of workers

bave given tbeiv attention to tbe study of tbe eyes of Perfen aiid related

genera, no progress in our knowledge of tbese iiiteresting organs bas

beeu made sinee Hensen publisbed bis studies upon tbe eyes of tbe

Cepbalopods; indeed many points, clearly demonstrated by bim, were

by later writers entirely overlooked.

If we bave made any addition to tbe knowledge of tbis subject. it

is only because tbe treatment to wbicb the tissues are now subjeeted

allows US to demonstrate witb ease wbat ,
twenty years ago , vvould

bave been impossible. As it required mucb time and patienee to lind

a reagent witb wbicb tbe eyes could be properly preserved, it will,

perbaps, not be amiss if I sbould describe tbe metbods by wbicb tbe

resiilts given above bave been obtained.

In tbe study of tbe various components of tbese complicated

Organs, it was necessary to resort to different metbods for tbe study of

dififerent parts; no one treatment was found by wbicb all tbe facts

given could be observed. Almost any of tbe ordinary reagents would

preserve sufficiently well tbe cells of tbe cornea, iris and lens. More

care in tbe cboice of fixing reagents was necessary for a proper treat-

ment of tbe outer ganglionic layer and tbe retinal cells, wbile it was

only after repeated trials of all tbe reagents at my command, witb

tbeir various combinations and metbods of application . tbat I was, at

last, enabled to obtain tbe rods, witb tbeir complex network of gangli-

onic fibres, in a tolerable state of preservation.

Tbe eyes of Pecten bave been studied fresb
, as well as by means

of sections and maceration. The principle underlying- my whole metbod

of treatment, wben sections have not been used, bas been to harden

tbe tissues a very little, and then macerate. After stainiug in

picro-earmine, wbicb I consider in such casestobe better than alcobolic

Solutions, tbe isolated cells are examined in a medium withavery
low index of refraction; eitber distilled water or tbe macerating

fluid. Wben I desired to keep tbe preparations for furtber study,

I was obliged to use acetate of potash, a good preserving- medium witb

a low index of refraction, but for soft macerated cells, it must be used

witb great care, for it often causes considerable shriukage.

Tbe young Pectens, from 1 to 3 mmlong, were thrown into a

mixture of equal parts of concentrated sublimate and picro-sulpburic
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acid, and, after beiiig- fixed, were washed in 35, and 70^ alcohol. The

sliells are then opeued and the edges of the mantle dissected oiit with

ncedles. In thìs manner, the shape of the mantle is retained, whereas

if removed before hardening it becomes very much coiled and twisted

by the reagent. If now one tries to cut the curved mantle edge, itwill

be a mere chance if accurate cross sections are obtaìned. Moreover,

one is never sure of getting sections of eyes in the desired stages. To

save timo, I cut each mantle edge, according to its size and curvature,

iuto three or four pìeees, which are then tolerably straight. As man}^

as 20 or 30 of these pieces, after being stained etc., are transferred

to a wateh-glass full of melted paraffine. With a little care , 10 or 12

pieces, with their long axes parallel, may be arranged in a bündle on

the bottom of the watch-glass. After cooling, the bündle may be cut

out and sectioned »in toto(f.

Weak Solutions of sulphuric acid in sea water (15 drops to 30 grams)

have beeu used with good results
;

the only drawback to this reagent

is the difficulty of getting a sharp stain. Kleinenberg's alcoholic

haematoxylin seems to give the best results. There are difficulties in

using sulphuric acid : for it is neeessary to fix the mantle while stili

attached to the shell, so that crystals, seriously interfering with the

sectioning, are precipitated upon the tissues. Some of the sections were

examined in balsam, others in glycerine or acetate of potash. A large

number of sections both of young and adult eyes were mounted in

Sandarack dissolved in absolute alcohol. For fibrous structures and

very fine nerves , it gave good results on account of its low index of

refraction, but at the end of two or three w^eeks the sections were abso-

lutely worthless.

In order to study the very complex structure of the adult eye, it

was fouud neeessary to resort to a dififerent reagent for almost every

component of the eye. A great deal of time was spent in trying to

discover some method by which good sections could be obtained, show-

ing, at the same time, ali the various structures.

One of the most useful reagents was chromic acid '
; the raost

varied results were obtained by different methods of application as

regards strength , time of action, and temperature of the solution, or by

various combinations of ali three. For instance chromic acid of 7.20 to

Vò Vo ) for 30 to 40 hours , utterly failed to give any conception of the

1 Ali Solutions of chromic acid were made frora a 1% solution in distilled

water, subsequently diluted with sea water.
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stnu'tuve of the rods , wliile otlier parts of the retina, and of the eye

itself, were well })rcscrved: hut when allowcd to aet for lialf au hoiir,

at a temperature of froni 50 to 55" C, the most perfectly preserved rods

with their nervous uetworks were ohtained, while, on the otlier haud,

the remaining- tissues became so granular and homog-eneous as to be

nnfit for study. Chromic acid, '/io "/o) when allowed to act from oue to

three or four days, did not give good results, whereas, if the eyes were

placed in '/loVo for half au hour, in order to kill them, and theu left

for twenty-four hours in V2oVi) t'hromic acid, and twenty-four hours

more in '/lo %> ^ud fiually for forty-eight to sixty hours in
•/.•i "/o, the best

results, as regards a good fixation of all the parts of the eye, were ob-

tained.

For the cornea and general epithelium, picro-chromic acid gave

the best results. In such preparations, the teeth of the cornea aud

of the pigmeuted epithelium may be most easily seen.

The lens is best prepared for sections by either sulphuric, or jjicro-

sulphuric acid
; by the first reageut, the sbape is best retained, aud the

leus itself is less liable to be drawn away from the surrounding tissue
;

the latter reageut, however, briugs out more sharply the configuration

of the cells, aud allows a better staiu of the nuclei to take place.

Treatment with chromic acid, Vs'Vo ^oi' twenty-four hours, gives

the best result for the layer of uervous fibres just below the septum,

and also for the outer layer of gangliouic cells and their librous pro-

longations. In order, hoAvever, to study to the greatest advautage the

arrangement of these fibres, the retinophorae should be somewhat

shrunken ; this can be doue by treatiug the eyes for two or three days

with Y;, %chromic acid.

The retinophorae are well preserved by nearly all the reageuts ; but

either in sublimate, or in picric acid, or in their combiuations, they be-

come slightly granular, and remain so closely packed that it is difficult

to distinguish the cell boundaries. Chromic acid, by which the cells

are somewhat shrunken, gives preparations in which the boundaries

and general arrangement of the retinophorae may be most easily

studied.

The rods with their retinidia, and the subj acent vitreous net-

work, are best prepared by treatment with 1/5 Vo chromic acid at

50" C, for Y2 an hour. The wall of the rod remains clear and

glassy, but slightly tinged with yellow. The central core is less

refractive, aud with good light the nervous network may be easily

seen. I was for a long time greatly puzzled to understaud certain
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structures observed iu retinas macerateti iu weak sulpburic acid.

This treatment usuali}^ eats off the euds of tlie rods. wbich first be-

come long-itudiually striated , or fibrous , leaviug tbe basai ends at-

tacbed to the retinophorae. Between the remnants of each rod, could

then be seen a short, conical projectiou, attaehed to the pseudo-mem-

brane. For a long time I regarded these structures, which showed great

reg'ularìty in shape and position, as a set of coues similar to those of

the Vertebrate eye, and belongìng to the long and slender retinophorae.

But by treatment with hot chromic acid the cones had disappeared, and

I finally discovered that they were produced by the sulpburic acid, which

coagulated the external uerve tìbres of the rods, eausing them to adhere

to the pseudo-membrane in the shape of the conical projections referred

to above. Ali reagents, applied in whatever manner, caused a dis-

arrangement of the rods, so that, in most cases, the whole retina was

drawn away from the sclerotica toward the centre of the eye, leaving

a larger or smaller space between the bases of the rods and the ar-

gentea. When hot chromic acid of CO" C, or picro- sulpburic acid of

the sanie temperature, was used, the effectwas nearly obviated, but on

tbe other band, the relations of the retina, lens etc., to each otber w^ere

greatly disturbed. In order to obtaiu the best preparations, with ali the

parts in the most naturai position, it is necessary to kill the eyes first

with VioVo chromic acid for V2 hour, then allow them to remain in

chromic acid, Y2V0 ^oi' 24 hours; '/lo'Vo for 24 hours; and finally '/.//o

for 48 hours or more^ Next to this method, I think that solutions of

sulpburic acid (20 drops to 50 grams) give the best preparations for

every thing except the rods.

The double layer of the sclerotica, and the fibres penetrating it,

cau be seen iu sections of eyes treated for 24 hours in '/:)"/<) chromic

acid. Besides these methods almost ali the other reagents bave been

tried, in different combinations and at different temperatures, but

with poor results.

Maceration and dissection.

For Isolation of the pigmented epithelial cells, and the cells of tbe

cornea, weak solutions of Müller s fluid, or biehromate of potash, gave

excellent results. For the maceration of ali other Clements, I bave used

' The smaller eyes of other species of Pecten are much more easily prepared,

but, on account of their small size, are not so good for study.
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eitlier weak chromic. or siilplmric acid. For the outer ganglionic cclls,

wbieli are very difficult to isolate, niaecration in V.-.oVo chromic acid

gave excellent results, after previously fixing the tissue iu ^4^0 foi* a

few miuutes.

For the retinophorae, \^oVo chromic acid for 4 or 5 days proved

very iiseful.

Treatment with sulphuric acid , 5 drops to 30 graras of sea water, ga ve

the very best results for the nerve endings in the retinophorae, —not iu

the r ods —and for the nervous, inner prolongations of the outer gang-

lionic cells. It was only by prolunged maceration, twenty days or more,

that the inner ganglionic cells could be separated from the retinophorae.

Iu Order to isolate pieces of the cornea with the subjacent pseudo-

cornea and the circular fibres on the outer surface of the lens, it is

better to macerate the eyes in sulphuric acid. In the sanie way, the

lens, which, by this treatment, retains to perfection its natural shape,

may be dissected out and studied to advantage.

It is necessary for the study of the circular retinal membrane, the

septum, and the retina itself, to isolate the latter intact. Maceration iu

chromic acid either makes the retina too brittle, or too inconsisteut,

while the nerve fibres of the axial nerve brauch remain so firmly

attached to the retina that it is difficult to isolate it without injury. But

this may be easily and suceessfully done by maceration, for 1 or 2 days,

in a weak solution of sulphuric acid. By this treatment, the retina, to-

gether with the septum and circular retinal membrane, remains in-

tact, while its connections with the Avall of the eye are so weakened that

there is little difficulty in detaching the retina entire.

The color of the red pigment layer is destroyed by all reagents

except sublimate: but after it is once fixed in this manner, it is not

altered by any subsequent treatment.

In Pecten Jacohaeus^ it is only possible to isolate the retinophorae

by maceration: by treating with bot chromic acid, their rods may be

isolated without the cells.

By macerating the small eyes oi Pecten opercularis in rather strong

sulphuric acid , the entire retinophorae together with the rods may be

isolated, giving very instructive preparations.

The peripheral, outer ganglionic cells may be seen by macerating

the eyes for 24 or 48 hours in sulphuric acid, and then studying the

outer surface of the isolated retina.

The argentea may be very easily separated in large sheets, by

macerating for 4 or 5 days in bichromate of potash.

Mittheilangen a. d. Zoolog. Station zu Neapel. Bd. VI. 49
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Siilplmric acid Ims proved to be a most valuable macerating-, as

well as preservative reageut. In weak solutioiis (40 drops to 50 grams)

eiitire Molluscs. witliout the sliell, bave beeu kept iu a perfect state of

preservatioii for more tbaii six niontbs. For cilia and nerve endings,

it is exceptionally good. Besides preserviug the lens, which may sub-

seqiiently be isolated in perfect condition . it has beeu of great vaine

iu isolating tbe entire retina, the different layers of wbicb may tbeu

be studied «in toto«.

In the study of the eyes of Arca as well as those of Pecfunculus^

I bave had special recourse to raaceratiou of the eyes either in

Müller's fluid or chromic acid. I find that the use of undiluted

Müllers fluid for 24 bours gives more satisfactory preparations tlian

a weak solution for a longer period. Chromic acid (V5V0) for 10 or

12 days gave most of tbe preparations from which my drawings of tbe

nerve endings werc made. I bave found that a few drops of acetic and

osmic acid added to di stili ed water give a very energetic macerat-

ing fluid for the epitbelium of marine Mollusca. It was in prepara-

tions made in tbis way that I first observed, in the comiìonnd eyes

of Arra^ the very delicate contiuuations of the inner ends of the pig-

mented cover cells to tbe outer surface. My studies upon this sub-

ject bave convinced me of the very great importance of a thorougb

control over a good method of isolating the cells. I bave not found

auy method by which ali the structures of the cells could be equally

well preserved; it was, therefore, necessary to use several different

macerating fluids in order to discover the effects of each fluid upon the

individuai elements , so that by comparison we might distinguish

between tbe pathological and normal cbaracters. Besides preparations

of isolated cells, I bave studied sectious of the mantle edge fixed in

picro-cbromic-osmic (Fol), and chromo-acetie-osmic acid, as well as

in picro-sulphuric acid.

Die Redaction erlaubt sich zu pag. 1)87 eiuc Anmerkung. Während des

Druckes der PATTEN'schen Arbeit hatten die Herren Paul Mayek und Wilh.
GiESBRRCHTdie hier seltene Gelegenheit, 3 große lebende Exemplare von Enphan-
sia (1 Q mit Embryonen) zu untersuchen. Isolirte und während der Beobachtung
mit dem zusammengesetzten Mikroskope unter dem Deckglase zerquetschte Brust-

augen leuchteten stark; das Licht strahlte höchstwahrscheinlich vom Stäbchen-
biindel aus. Ein unverletztes Thier wurde in der Rückenlage mit Ammoniaklösung
gereizt; sofort traten sämmtliche sog. Augen als eben so viele leuchtende Punkte
hervor, während der Rest des Körpers dunkel blieb. Etwa 1,2 Minute lang leuchteten

die Brust- und Biiuchorgane äußerst lebhaft, die Organe iu den Stielen der zu-

sammengesetzten Augen schwächer; selbst im Halbdunkel waren die blaugrünen
Lichtpunkte mit bloßem Auge deutlich sichtbar. Die Angaben von Sars erfahren

hierdurch eine Bestätigung.
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Explaiiatiou of tlic Plates.

Piate 28.

On the Development of the Eyes oi Pecten opercularis and Pecten pusio.

iiffK outer hiyer of argeutcii. Lb. lateral, or ganglionic, brauch of
«(/'-'. inner » » >, the optic nerve.

b.h. basal, or axial, brauch of optic n.f. nerve fibrös.

iitü've. "•'/• nuclei of the retinophorae.

b.s. blood siuus. "f- Ophthalmie fold.

c. cornea. n^>'- "Ptic nerve.

r.r/. cuticular gland. i'^J' Pife^'n^^»t.

CMp.v. cavity of optic vesicle. i'^'"' Pseudo-cornea.

cp.n. circumpallial nerve.
'' le ina.

c.t.c. connective tissue capsule of the '
*" '^'

„ >.iii. rector muscles of the eye.

. , . , , , ,,
f.o. rete vitrosuui.

cu. cuticular coverini? ot the shell. ,°
5. septum.

ii.c.c. inner row ot gangiiouic cells. ^ 1 . *•
sc, sclerotica.

tl.tn. depressor inuscles 01 the eye. , , ,. ...^ •' S.C.C, outer layer ot ganglionic cells.

^- Eye. .s/«./; shell fold of the mantle.

(f.c. gangiionic cells. s.l. suspensory ligament.

/ly. hypodennis. s.pa. scnsory papilla.

hy.c. hypodermis core ofyoung eye. t. tentacle.

i. iris. tu. tapetum.

/. lens. V. velum or velar foldof the mantle.

Fig. 1. Section through thc mantle edge of a young rccten opercularis (2 mmlong)

in the neighborhood of the hinge. The Ophthalmie fold is not developed

in this region; on the side next the branchial cavity, the wall is t rown
into several ciliated folds, a, of v?hich the outer is characterized by pecu-

liar tufts of cilia over each cell.

Fig. 2. Section through the median part of the mantle edge of P. opercularis {5 mm
long). At the summit of the Ophthalmie fold is a problematical cell x\

at y, is one of the minute transitional and invaginate eyes.

Fig. 3. Section through the mantle edge, near the hinge, of P. opercularis (2 mm
long), showing the thickened folds, a, on the branchial side of the

mantle, and the bilobed Ophthalmie fold, o.f.

Fig. 4. Section through a young eye of P. opercularis, showing the first stages in

the development of the optic vesicle, already surrounded by the connec-

tive tissue capsule, into the retina, argentea and tapetum. Cam. Hart,

obj. 7, oc. IV. tube out.

Fig. 5. Section through a more advanced eye of P. opercularis, in which are shown
the first traces of the lens, /, the thickened retinal layer, r, the inner and
outer layers of the argentea, ag^ and ag-, and the tapetum, ta. The iris

has made its first appearance as a ring of piginent granules , i. Cam. obj.

XX. Leitz, oc. III.

Fig. 6. Section through the mantle of P. varius, showing a young sensory tentacle,

«.^^«,with the rudiments of the tcntacular nerve formed by tlie prolife-
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ration of the liypodermìc cells, x; at the summit of the papilla is a speci-

aliy large tuft of sense hairs. The ciiticula over the summit of the Oph-

thalmie fohl was unusually thick. Cam. Hart. obj. 7, oc. II.

Fig. 7. Sectioii through the mantle edge of P. ojìercularis, showing the develop-

mentof a teutacle, t, betwoen the Ophthalmie fold and the eye; s.pa., is a

pigmented sense hair papilla Avhich occupies the usuai position of the

young cyes ; x , ono of the problematical cells which occur at regulär in-

tervals along the summit of the Ophthalmie fold.

Fig. 8. A pigmented sense hair papilla whosc sense cells, «/.e .are being transform-

ed luto ganglionic ones.

Fig. 9. Section through the mantle edge, uear the hinge, otÌAyoiiìig P.o^Hrcularis.

The ciliated Ophthalmie fold hasbeen divided by the tentacle, t, into two

parts; «, thickened ciliated folds on the branchial wall of the mantle.

Fig. lo. Section, atright angles to the edge of the mantle, through analmost com-

plete eye of P. imsio. The vitreous network is much thicker than in the

adult, and the two layers of the argentea stili contain a few flattened nu-

clei. At ar, are many remarkable fibres, the remnauts of the primitive

nerve fibres, fig. 4 n.f. , which penetrate the sclerotica and pass up to the

rods. Cam. Hart. obj. 5, oc. IV. ; tube out 1 in.

Fig. 11. Section through the Ophthalmie fold and eye papilla of a young P. ojtcr-

ciilaris. At hy. the hypodermis, by proliferation, has givcn rise to the

hypodermic core, which, later, will give rìse to the optic vesicle; some
of the cells, (j.c. are separating themselves from the others to form gang-

lionic cells, which always remain connected with the core by means of

nervo fibres. Cam. H. obj. 7, oc. IV.

Fig. 12. Section through the Ophthalmie fold oi P. pusio; the proliferation of the

hypodermic cells has given rise to a solid core of cells; mesodermìc cells

have grown round the core forming the connective tissue capsule, et. e.

Some of the cells of the core have wandered into the underlying tissues

to form ganglionic cells, one of which is represented, f/.c. Cam. H.ob).7,

oc. IV.

Fig. 13. Section, near the hinge, of the mantle edge ofayoungP. opercularis,

showing the remarkable modification of the Ophthalmie fold into a thick-

walled rìdge, the cilia having disappeared. Cam. H. obj. 5, oc. IV.

Fig. 14. Section of the Ophthalmie fold of a very young P. opercularis (1 mmlong);

the summit of the fold is imperfectly forked and is covered with un-

usually long cilia ; at the base , is a very young optic papilla. The nuclei

are scanty at y,while at hy.c. they are two or three deep, showing the first

stagesjn the formation of an hypodermic core. Cam. H. obj. 7, oc. IV.

Fig. 1-5. Section through a highly developed fold, similar to those marked a in

figs. 1, 3 and 9, from the branchial wall of the mantle of a young (2 mm)
P. o])crcidarìs. The cilia are extraordinarily long and their proximal ends

are continued as fine lines a long way into the protoplasm. Cam. H. obj.

5, oc. IV.

Fig. 15a- A more magnificd section of the peripheral part of the thickening, show-
ing the thick and beaded cuticula, containing the pores for the passage

of the cilia.

Fig. Iti. Section through the Ophthalmie fold of a young P. opercularis. Showing
an optic papilla Mith a half formed hypodermic core from which some
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ag.

cells are separating themselves tu form ganglionic cells, g.c. The young

e5'e lies in a pigmented furrow at the base of the fold. Cam. H. obj. 7,

oc. IV.

Fig. 17. Section through a nearly perfected eye of P. oj)crcu!aris. All the parts,

except the rete vitrosum, are formed; the scattered nerve fibres , which

had not united to form an optic nerve, are not represented ; at i/ are the

small dark bodies found in the fibrous layer at this period, and which

,later' disappear.

Fig. IS. Section through the Ophthalmie fold of a very young P./^«sto, 1 mmlong,

showing the double-lobed fold, o.f., and the slight thickening, x, of the

hypodermis to form the first rudiment of the eye ; a ganglionic cell, g.c.

is already separating itself from the hypodermis.

Piate 29.

The Anatomy of the Eye of Pecten Jacobaeus and Pecten varius.

l.h. lateral brauch of the optic nerve.

m.h. terminal membrane of the retino-

phorae

median teeth of the corneal cells.

nerve fibres.

H.;/. 'nuclei of the rod-beariug retino-

phorae.

rt.?/.' nuclei of the short, pseudo-retin-

ophorae.

optic nerve.

pseudo-cornea.

pseudo-retinophorae.

septum.

retinophorae.

pseudo-retinophorae.

radiating nerve fibrillae of the

rods.

rods.

rete vitrosum.

sclerotica.

outer layer of ganglionic cells.

suspensory ligament of the lens.

tapetum.

ag^.

ag^.

ax.f.

b.c.

h.h.

b.s.

c.

c.f.l.

cl.

argentea.

» outer layer.

» inner »

axial nerve fibre.

blood corpuscles.

basal brauch of optic nerve.

blood sinus.

cornea.

circular fibres of the lens.

ciliaris.

cm. circular membrane of the retina.

c.n.f. circular nerve fibres of the rods.

c.t.c. connective tissue capsule of the

eye.

cu. cuticula.

d.c.c. inner row of ganglionic cells.

ex.f. external nerve fibres of the rods.

f.rf. fibrous prolongatious of the reti-

nophorae.

g.c. ganglionic cells.

i. iris.

i.t. inner teeth of the corneal cells.

l.ax.fK loop of the axial nerve.

^.a.c./.'- nerve loop connecting two axial

neiTes.

tn.t.

>'/

op.n.

ps.c.

ps.rf.

S.

rf.

rf.'

r.ß.

rh.

r.v.

sc.

S.C.C.

s.l.

tu.

Fig. 19.

Fig. 20.

Section of a fully developed eye ofP. Jacobaeus, perpendicular to the

edge of the mantle.

A constructed drawing of two rods , from the retina of P. Jacobaeus , to-

gether with the distal ends of the retinophorae, showing the two inner

ganglionic cells, d.c.c, and their fibrous prolongatious, ex./., to form the

external nerve fibres of the rods; ax.f. is the axial nerve fibre of the

retinophorae, giving rise, in the rods , to many cross fibrillae. Many of

the fibrillae unite to form, in the rod, circular fibrillae around the core;

from the circular fibrillae arise other minute fibres, continued outwards to
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the surface of the rod, where they unite with the snialler branches of the

external fibres. The axial fibres are continued through the end of the

rod, dividing into the two axial loops, /.«a-./. 'and l.ax.f:' One loopunites

two axial fibres , while the other extends along the external wall of the

rod. At X. is a clear vesicle, often present at that point. At the distai

ends of the rods the branclies of the external nerve fibres unite with each

other to forra the loops of the external nerve fibres.

Fig. 21. A fragnient of the rete vitrosum of P. Jacobaeus, treated with hot chro-

mic acid, 55^ C. The hexagonal meshes forni a kind of crown for each

rod; at the coufluence of the bars thcre is a spikc, d, which project» a

short distance between the rods ; h is onc of the spikcs sceu from above
;

a is a portion of the network beneath the pseudo-retiuophorae.

Fig. 22. A flake of rods from the retina of P. Jacobaeus, seen from their inner ends
;

treated with hot chromic acid for one half an hour, at 550 C. One sees tlie

two loops of the axial nerve fibres, and many sraaller fibrillae. Cam.

homog. ims. obj. 20. Leitz, oc. III.

Fig. 23. Isolated lens from the eye of P. varius, treated for 24 hours in weak sul-

phuric acid; at«' and a-, one sees two specially well defined rows of cir-

cular fibres, and at s.L, the collectìon of fibres to forni the suspensory

ligamcnt. The lens is attached to the septal membrane by a uucleated

mass of fibres , l.l. and y. , many of which extend over the surface of the

lens, x; ät 1/ are radiating and circular fibres of the outer surface.

Fig. 24. A cross section of a rod from the retina of P. Jacobaeus, showing the

axial nerve, the radiating and circular fibrillae of the retinidium and the

external nerve fibres.

Fig. 25. Cross section through the distai ends of the retinophorae with their axial

fibres ax.f. and showing two for the inner ganglionic cells d.c.c. with

several nerve fibres on the surface for the retinophorae ; //. ' is one of the

very slender, fibre-like retinophorae often found in the retina of P. Ja-

cobaeus.

Fig. 26. Cross section through the proximal ends of the roAs oi P. Jacobaeus , show-

ing the axial fibres with the radiating retiuidial fibrillae; at x, is a sec-

tion through the thin, structureless septum, scparating the retinophora

from its rod.

Fig. 27. A median, cross section through the rods of P. Jacobaeus.

Fig. 28. A stili deeper cross section , belonging to the same series as that of figs.

26 and 27, through the distai ends of the rods. At ex./, one sees sections

of the loops of the external nervo fibres.

Fig. 29. Section through the outer layer of the argentea, showing the thin mem-

branes composed of minute, square plates with bevelled edges.

Fig. 30. Surface vìew of a portion of a membrane composing the argentea.

Fig. 31. An isolated, corneal celi of P. Jacobaeus with the median teeth 7n.t., and

the inner ones v.t., some of which are drawn out into fibres, x.

Fig. 32. A portion of a retina of P. Jacobaeus, isolated entire and seen from the

under side; a—fh-epresent successive layers of cells seen by varyingthe

focus ; a, the inner layer for the retina ; the fibres, with their node-like

swellings on the periphery, representing the membrana circularis : the

nuclei, circularly arranged, He just beneath the circular membrane. At b,

are the swellings of the pseudo-retinophorae, fig. 38, n. rfP-, containing

a nucleus surrounded by a clear space ;
at e, one sees the two sets of
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nuclei belonging to tlio iTtiuopIionie. At d, the hirge, circnlarly arranged

peripheral cells of the ganglionic layer, togcther with the circiilar fibre»

of the septum.

Fig. 33. Two isolated cclls from the outer ganglionic layer. The end of one is

drawM out into niany nerve fibres er. which formed a part of the fibrous

layer of the retina; x is a ganglionic cell with two fibrous prolongations,

u, extending towards the rods
;

the end, h, was connected with the gang-

lionic nerve brauch ; it gives off two lateral branches which divide into

minute fibrillae spread out over, and attaclied to, the wall of the neigh-

boring cell; n.f. is a single nerve fibre, extending from the ganglionic

nerve brauch to the rods.

Fig. 34. An cntire retinophora, from the median part of the retina ofP. Jacobaeus,

with its two nuclei, a and h, and axial nerve fibres, ax.f.

Fig. 3.5. A short and thin retinophora, from the periphery of the retina of P. Juco-

haeus-

Fig. 36. Two retinophorac, with nerve fibres from the ganglionic layer, y. One of

the nerve fibres n.f. terminates on the wall of a largo retinophora in se-

veral fine branches surrounded by a circular one; b, is the secondnucleus

of avery slender retinophora from the median part of the retina. (Macerat-

ed in weak sulphuric acid.)

Fig. 37. A detached flake of corneal cells seen from their inner ends, showing the

serrated walls, and the circular fibres undcrlying the cornea. T.Jucobaeuf!.

Fig. 38. Section through the peripheral portion of the retina of F. Jacobaeus, show-

ing the continuation of the outer ganglionic layer , beneath the outer

edgc of the nucleated septum with its circular fibres, to the very edge of

the retina; one sees the continuation of the retinophorae with the fibres

of the axial nerve branch; the membrana circularis, cm., the ganglionic

cells «/./.' and r/./.2 with their fibrous Prolongation towards the rods, and

the rete vitrosum r.v. ;
one also sees thc double layered sclerotica, con-

tinuous with the septum; and the tapetum and double argentea, con-

tinuous with the retina. (Through carelcssness, the two layers of the

sclerotica have been reversed ; see PI. 30, fig. 39.)

external nerve fibres.

invaginate eye.

faceted eye.

ganglionic cell.

lens.

nerve fibres.

nucleus of retinophora.

nucleolated nucleus of the retino-

phorae.

n.rf.- aborted nucleus of the retino-

phorae.

Ophthalmie fold.

ommatidium.

ommateum.

optic nerve.
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sections, where they are particularly striking; they are often sunken be-

low the surtace to form minute pits.

Fig. 47: Represents a uearlycolorless portion of the mantleedge oiArca barhatu,

oontaining two faceted eyes and a nearly closcd invaginate one. Aroiind

the eyes one sees numerous colorlcss cells, some of which are doublo,

surrounded by pigment. They represent incipient ommatidia.

Fig. 48. A detached, double rod from the compound eye of Area Noae (macerat-

ed in chromic acid Vso^)- The division between the two halves ol' the

rod, r/t.i and r/(.2, is well marked. To the sides of the rod are attachod

numeroua nerve fibres from which are given off many lateral branches

that cling very tenaceonsly to the surface ; the free portions of the fibres

are covered with innumerable fibrillae. In this example the loops of the

external nerve fibres were not visible.

Fig. 4',i. A detached pigment cell, with its rod, showing the large, basally situated

nucleus , the root-like prolougations of the cells, and the external nerve

fibres, ex.n.

Fig. 50. A colorless sense cell (incipient retinophora?) from the epithelium of

Pectunmlus. The cuticula is very slightly developed and can hardly be

Said to form a rod; the nucleus is nucleolated and the base of the cell is

drawn out into a single, long fibre. A nerve fibre, n.f., extends along the

wall of the cell, and is free everywhere except at its outer end where

it is firmly attached to the cell wall.

Fig. 51. A pecuiiar, hyaline structure, which Ihave observed several tinies among

the isolated cells from the eyes and Ophthalmie fold of Area Ni>ae ; I can-

not offer any Suggestion as to its nature or origin.

Fig. 52. A nearly fresh retinophora (macerated for twenty four hours ìuMììllers

fluid) from the compound eye of Area Noae. It is a very instructive ex-

ample, in that it sliows with great clearness that the retinophora is com-

posed of two cells , the outer ends of which remain ununited ; the rods

belonging to the halves are likewise perfectlydistinct; in each lialf of the

cell is a nucleus, that marked ii.rf.- is the smaller , and more difficult to

stain.

Fig. 53. An isolated pigment cell from the general epithelium oi Pectuìiculus; two

long and comparatively large, nerve fibres are attached to the outer end

of the cell.

Fig. 54. A section through one of the pseudo-lenticulate eyes of ^jt« Naae. In

this example the retineum is quite deeply invaginated ; in other cases

it is perfectiy flat or nearly so.

Fig. 55. Section through the mantle edge of Pectunculus .

Fig. 50. Section through the mantle edge of Area Noae, showing the prominent Oph-

thalmie fold, o.f., lipon the summit of which is situated a compound ej'e.

Fig. 57. A section of the mantle edge oi Area barbata , showing a portion of the

epithelium, highly magnified, with the r e ti a t e r mi n a 1 i a of hypoder-

mic nerve fibres.

Fig. 5S. Section through the eye of Ilaliotis. The double layered cuticula has,

over the retineum, divided into two very distinct layers; an inner

one, rh., divided into distinct segments, or rods, containing a highl}^ de-

veloped part of the retia terminalia; and a second, outer layer, formed

by the thickened corneal cuticula; the corneal layer is divided into two

secondary parts, a semi-fluid inner portion, thevitreous body, v.b., and a
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harder, outer portion, or lens, l. AX x. one sees a layer of minute,

lightly stained bodies whicli may represent the swollen outer ends of the

retinophorae (fig. C7).

Fig. fJ9. A constructed drawing of an ommatidium from the faceted ej^e of

Arca Noae. One sees the double retiuopliora, containiug tvvo nuclei, and

bearing two rods provided with a network of external nerve fibres, some

of wliich form distinct, external loops, ex.f., as \n Pecten. At the base

of the celi are the refractive globules, ag., forming an argentinula; within

the celi, the axial nerve fibres, ux.f. The retinulae of the inner row are

continued outwards as hyaline membranes, rt.s., to form a retinidial

sheath. The retinulae of the outer row are continued inwards as color-

less stalks or bacilli, bc.

Fig. 60. An isolated retinula from the inner row, showing its colorless Prolong-

ation, rt.s., and the system of external nervo fibres, n.f., with which it

is covered. The sj'Stem of lateral fibrillae, similar to those seen on fig. 03,

has not been represented by the lithographer.

Fig. Gl. A fragment of the retinidium, fig. 63, x., more highly magnified, and

showing the continuity of the ultimate fibrillae.

P"'ig. 02. Au isolated retinula from the retineum oi Haliotis. Cam. H. obj. 7,oc.lII.

Fig. 03. The outer end of a retinula oi Haliotis; the cuticular substance of the

rod has been dissolved by treatment with glycerine and bichromate of

potash, leaving the entire system of nerve fibrillae intact, x.; the fibrillae

of the remainiiig nerve brauches bave not been represented. The length

of the unbranched nerve stalks has been, for convenicuce, reduced to

one half.

Fig. 64. A portion of the epithelium from the mantle edge oi Arca barbuta, show-

ing the extension of some of the larger nerve branches n.f. to the very

outer surface of the cuticula ; the lateral fibrillae of these nerves may also

be seen. Cam. obj. 20, Leitz, oc. 111.

Fig. 05. The inner end of a bacillus, belougiug to a retinula of Haliotis (compare

fig. 68 bc], surrounded by several nerve branches, n.f., ali of which are

not represented in the figure.

Fig. 60, Au isolated retinophora [Haliotis] with the two nuclei n.rf.'^ and n.rf.'^;

a remarkably instrxxctive preparation since in this iustance the outer end

of the cells is divided into two stalks , x. , which represent the imfused

ends of the two primitive cells, by the union of which the retinophora

was formed ; the body of the celi contains many refractive globules, ay.,

similar to those which form the argentinula inarca. Cam. obj. 20, Leitz,

oc. III.

Fig. 67. The most common form of retinophora , from Haliotis, containing two

nuclei, but with the outer end of the celi single instead of double. Cam.

obj. 20, Leitz, oc. III.

Fig. 68. Two retinulae from the retina oi Haliotis; only a part of the rod, rh.,

with its constricted neck, is represented. Atgc. is a retinula partly trans-

formed into a ganglionic celi, but stili retaining some of its pigment.

Piatesi.

«g. argentea. ce crystalline cone.

ax.b. axial nerve bündle. bc^—bc- bacilli of pigment cells/^p'.i— 2.

ax.f. » " fibre. b.m. basai membrane.
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their miclei are represented
; the four armed figures, rt.s. , represent va-

riousvìewsof the hyaline, outer ends of the inner circle of retinulae, 1—7.

Fig. 77. Is an enlarged drawing of the outer ends of the retinulae 2 —7; at /, the

membrauous sheath is seen projected upon the figure, «.'^— s.*; at//. the

tube is beginning to break up iuto its component parts; at /T'. this pro-

cess is completed and we see only the seven outer , and isolated ends

of the seven pigment cells which help constitute one of the meiubranous

tubes (compare rt.s. tig. 79 etc.) ; s.'— ^ represent the outer ends of the

inner circle of retinulae, fig. 74 etc. / —7; «.• —s.^ represents a single (?)

piece the outer end of the large median retinula 1.

Fig. 78. A section through the pigmented collar of four ommatidia. At the corner

///., IV. and V. (representing a section through the inner portion of the

collar] only the two cells jj//.' M\(ì.p(j.'- have pigment, while only the co-

lorless bacilli hc.'^—'' of the other two are seen; at //. the section is sup-

posed to pass through the middle of the collar, where both circles of

cells are well pigmented.

Fig. 79. Section of an ommatidium ofPt'??öt'Ms just belo w the collar, showing the

pigmented prolongatious of the two inner pigment cells pr/.'-^. Each omma-

tidium is surrounded by sixteen of these bacilli , but only four belong to

one ommatidium, e. g., 1, -J, 3 and 4. Each bündle of bacilli is surround-

ed by a membianous sheath, rt.s.

Fig. 80. Cross section of the ommatidia (Pt'?me?^.s),towards the inner ends of the rods,

showing thetwo sickle-shapedthickeningsof the walls ofthe retinophorae

X.; these thickenings are striated, and contain horizontal nerve fibrillae.

Fig. 81. Cross section of ommatidia [Penaeiis] below the rods.

Fig. 82—88. Represent a series of cross sections taken at intervals from the inner

end ofthe calyx fig. 82, to the inner end ofthe style fig. SS, ali the sec-

tions are placed in the same direction.

Fig. 89—92. Represent four successive sections through the swollen ends of the

seven retinulae : ali the sections are placed in the same direction, and the

cells are numbered lìke those of fig. 74.

Fig. 93. Cross section through the middle ofthe pedicel, showing the arrangement

of the seven retinulae, and the markings of the two Systems of plates.

Fig. 94. Cross section through the inner end of a pedicel, passing through one

of the primary plates; at this end of the pedicel one sees the axial nerve

fibre exceptionally well.

Fig. 95. Still deeper section of the pedicel, passing through a secondary piate,

as is shown by the direction of the fibres. The dotted area around the

retinulae in figs.95 —101, is occupied by a circle of cells, fig. 74y., which

are completely fiUedwith fat-like crystals, not represented in the drawing.

Fig. 96—100. Represent successive sections through the retinulae surrcmnding the

the stalk of the pedicel; one sees that the two pairsof bacilli, befand he-,

gradually move from the opposite sides of the ommatidia towards each

other , one also sees, with especial clearness, the nerve fibres which sur-

round each section of the bacilli.

Fig. 101. A section of an ommatidium
,

just above the basai membrane ; the reti-

nulae have separated themselves from the stalk of the pedicel , but their

general arrangement is the same as before. One sees a few fibres, near ic'

and òe.'^, belonging to the outer part of the diagonal bar of the basai

membrane.

I
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Fig. 102. A fliagrammatic representation of an iniaginary primary and sccondary

piate of tlie pedicel, by a nioditication of whicli, the actual platcs, as tliey

exist in Penaeus, could bave arisen; the dotted line, «, represents the

change necessary to transforui the Hat plates into ones like those seen in

figs. 103 and 104.

Fig. 103. Adiagram of a primary piate; the fìbres extend from a. toh.; at a. should

be an indentation to receive a fold of the pigment cell, 1. (compare

figs. 72 and 93).

Fig. 104. A diagram of a secondary piate ; the fibres extend from c. to d., therefore

at right angles to thoseof fig.103; each piate is divided into two parts by

four planes which form an angle , the apex of which lies in the middle of

each side of the piate, but is directed in one way on one side, and in the

opposite direction lipon the other ; each piece (not strictly a half) then

consists of four sraaller and equivalent , but not identical pieces , for the

two upper ones are Images of the two lower, while the two right band

pieces are bevelled on one side, and the two left band pieces on the oppo-

site. Therefore of the eight pieces composing such a piate only two of any

ot the four kinds are identical.

Fig. 1 05. Diagram of two primary and two secondary plates of the pedicel o^Penaeus.

Fig. 106. Diagram of the basal membrane oiPenaens, seen from the upper surface.

Each cross is a thickening in the membrane, and lies directly beneath an

ommatidium ; the axial nerve of each ommatidium penetrates the centre

ot each cross. Each cross, and therefore each ommatidium, has a capital

letter while the ends of the seven retinulae are marked with small letters

similar to the large letter of the cross to which they belong. At E. and

H. the unseparated retinulae are projected upon the cross to which they

belong (compare figs. 97—100); in all other cases the retinulae bave taken

their respective positions in the corners of the Square Spaces or holes

separating the crosses.

Fig. 107. Four crosses of the basal membrane ofPe??öet<s, seen from the under side;

to the centre of each cross are attached several connective tissue fibres c.t.c.

In one corner of each cross is a shallow pit, into thebottom of which opens

the canal for the axial nerve, c.ax.f.

Fig. los. Diagrammatic representation of the retinulae, the bacilli, and the nerve

fibres, of each ommatidium; the continuation of the cells below the basal

membrane represents the bündle of nerve fibres which goes to the base

of each cell. Thedrawing represents an imaginary section of the diagram

fig. 106, through the points x. and tj. The cells and their nerve fibres are

lettered to correspond with fig. 106.

Fig. 109. A diagrammatic section of the nerve bündle going to the openingsll. and

III. of the basal membrane represented in fig. 106. (Compare the letters

of these two nerve bundles with those of figs. 108 and 106, II. and III.)

Fig. 110. Highly magnified and partly diagrammatic view of a basal membrane cross

with the ends of the retinulae and bacilli upon it.

Fig. 111. Inner end of an isolated bacillus with the surrounding nerve fibres.

Fig. 112. Longitudinal section through the tentacle-tip of Cardium edule.

Fig. 113. Less highly magnified tentacle of C. edule, showing the pigmented cap at

the tip, and the lateral fold x.

Fig. 1 14. Corneal facets of Galathea, to one of which are attached the corneal cells

which constitute a kind of iris ; the centrally situated nuclei are surround-
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ed by a fold, which can probably be modified in shape by the radiating

fibres ; the latter are attached to a thickened ring, x., at the periphery of

the cells; at a., is a simple facet with a median division ; the corneal cells

bave been removed (fresh)

.

Fig. 115. Corneal facets of Palaemon, seen from inner surface (maceration in

Müller's fluid). The outer ends of the four retinophorae and their nuclei

are seen at n.rf.] in each facet are two small nuclei belonging to the cor-

neal cells; the light colored bars probably represent the thickened, outer

ends of the inner row of retinulae. (Compare figs. 76 and 77 s. and r.ts.)

Fig. 116. Seven corneal facets of Galathea; the middle one is remarkableon account

of the distinctness with which it is divided into two halves, the line cor-

responding to the division between the two corneal cells.

Fig. 117. Strongly macerated pedicel oH'alaemoìi, showing its continuitj' with the

inner end of tlie style which has separated into four pieces.

Fig. 118. Two ommatidia from the eye of 3f(mtis , the right band one is seen in

section, and the other in surface view.

Fig. 1 19. Cross section through the middle of the calyx of Mantis; the axial walls

of the four cells are seen at x.; within each celi is a bündle of large nerve

fibres from which arise innumerable lateral fibrillae which undoubtedly

stand in direct continuity with the longitudinal fibres upon the outer sur-

face of the calyx, iv.rf.] the four retinophorae are surrounded by a delicate

membranous sheath, t't.s.

Fig. 120. Cross section of the calyx of il/a«tó
, just above the pigment ce]\

, pg^,

fig. 118.

Fig. 121. Section through the calyx of Mantis at the level of the pigment celi, 2^9-^

fig. 118. One sees six nuclei of the yellowish brown cells, ji^^.^ fig. 118;

the axial walls of the four retiuophorae are reduced to a single, median one.

Fig. 122. Section through the neck ofthe calyx ofthree ommatidia from Jfß/i^js. One

sees with distinctness that the style contains a bündle of f o u r a x i a 1 nerves.

Fig. 123. Section of three ommatidia [Mantis] just heiow pyfi fig. 118, and through

the outer ends of the three longest retinulae. (Compare fig. 89.)

Fig. 124. Section through an ommatidium, showing the seven retinulae surrounding

the style which contains an axial nerve bündle of four fibres ; the outer

wall of the style is surrounded by six nerve fibres.

Fig. 125. Section through the inner end of an ommatidium; the celi wall of the re-

tinulae cannot be distinguished ; the pigment is only confined to a nar-

row circle around the style. Around the retinulae are sections of seven or

eight bacilli belonging to the pigment celi, pg.\ 2—3 fig. ii8. One cannot

distinguish at this point the division of the axial bündle into four fibres;

around the bündle are six nerve fibres.

Fig. 126. Cross section through the outer part ofthe basai membrane of Mantis,

showing the nucleated connective-tissue walls surrounding the canals,

through which passes a nerve bündle to each ommatidium.
Fig. 127. Longitudinal section through the basai membrane of Mantis; the inner

boundary of the membrane is much denser than the remaining parts, and

might easily be mistaken for a basai membrane , while the outer canal-

lated portion might be mistaken for a part of the ommateum.
Fig. 128. Highly magnified section through the outer end of the style and neck of

the calyx, showing the sheath, rt.s. and the axial nerve bnndle from which

arise numerous lateral fibrillae.
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Fig. 129. Outer end of one of the crystalline cone cells (retinophora), isolated b)»-

niaceratlon, showing thc system of externa! nervo fibres (Paiaemon).

Fig. 130. The same seen from the abaxial surfixce.

Fig. 131. Style of Paiaemon (macerated), with the externa! nerve fibres.

"Fig. 132. Same seen in optica! section, showing axial nerve with lateral fibrillae.

Fiate 32.

ax.7i. axial nerve. p^.i,-,3 first, second and third circie of
hc. bacillus. pigment ceüs.
b.in. basal membrane. rf. retinophorae.
c.c. cornea! cuticuia. r/".' innerraost ends of crystalline

C.C.C, crystalline cone ceüs. cone ceüs, or retinophorae.
chi/. cornea! liypodermìs. rh. rod, or crystalline cone.
ex.li. externa! nerve fibres. rt. retinula.

g.c. ganglionic ceüs. rt.^,^,'^ hy.aüne continnation of the re-

n.f. nerve fibres. tinulae.

n.rf. nuclei of retinophorae. st. style of the retinophorae, or cr3's-

«.//.' nucleolated nucleus of retino- talune cone cells.

phorae. v.l. vitreous ceü layer.

n.tf.'- aborted nucleus of retinophorae. v.b. vitreous body.
pd. pedice!. v. crystalline cone, or vitrella.

pg. pigment cells.

These diagrams show, among other things, ommatidia and ocelli in various
stages of modification. They are drawn partly according to the observations of
Grenacher, Lankester, Graber and Carrière, and partly according to my
own. Where direct observations were wanting, the ommatidia and ocelli

were constructed according to deductions from my own observations.

Fig. 128. Diagram of an omniatidium, with the corneal facet and its cells, from a

Compound Arthropod eye. The pedice!, walls of the retinophorae and the

style have been drawn in r e d for the salse of clearness, in all other cases

the red indicates nerve fibres ; x. is the refractive division between ad-

jacent facets ; a. that between the halves of each facet ; «/. thickening of

abaxial wall of calyx, often, butnotalways, present; the crystalline cone

may be present or absent, but it can never fuse with the facet, as is sup-

posed to be the case in Lampyris.

Fig. 12Sa and 128b are cross sections through the calyx and middle of the style,

respectively.

JFig. 129. An ommatidium from a compound eye, constructed according to Grena-
cher's Statements; he does not recognize the corneal hypodermis, and sep-

arates the eye into two layers at i?n.'; the dotted line, y., sliows tlie

Position of the crystalline cone when it appears to be absent. 129a is a

cross section of the retinulae, showing the seven (or four) rods which

they are supposed to scerete.

Fig. 130. One of the isolated ommatidia from the general hypodermis of a Moüusc.

Fig. 131. Two ommatidia from a vertebrate retina (without the outer ganglionic

layers). 131a, is a cross section of the rods.

Fig. 132. Ommatidium from a Moüuscan retineura.

Fig. 133. Ommatidium from the compound eye of ylrca or Peci^<»cM/^<s; the retinulae

pg.^ —2 have lost their rods, aa is the case in all the succeeding diagrams,

and serve only to protect the rod of the retinophorae or become trans-

formed into ganglionic cells.

Fig. 134. Ommatidium, with .an overlying portion of the vitreous layer, corneal

hypodermis and corneal lens, from a larvai insect ocellus.
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Fig. 135. Same, with cross section, from the anterior ocellus of a spider.

Fig. 136. The same, from ocellus oi Scurpio.

Fig. 137. The same, from posterior ocellus of a Spider.

Fig. 138. The same, from the compound eye of Insects and Crustacea.

Fig. 139. Two retinophorae from the retina of Cephalopods , with the ganglionic

cell g.c, producing the external fibres of the rods, and the axial nerve

fibres, ax.n.\ the body of the retinophora (or retinal cell ofGRKNACiiER),

contains two nuclei.

Fig. 140. Two retinophorae with their ganglionic cells, from the retina o{ Pecten,

showing the loops of the axial, and external, nerves of the rods, the two

nuclei of the retinophorae , and five characteristic forms of ganglionic

cells; b.m. basal membrane or septum of the eye; x. a nerve fibre termiu-

ating on the small ganglionic cell (/-cJ^; z. andy. two methuds of nerve

endings upon the cell wall of the retinophorae.

Fig. 141. Ancestral Arthropod eye.

Fig. 142. Ej^e of Peripatus. (Modified from Carrière.)

Fig. 143. Ocellus of Myriapod.

Fig. 144. Same of larvai Insect.

Fig. 145. Ocellus oi Scorpio; ouly one ommatidium is represented.

Fig. 146. Posterior ocellus of Spiders.

Fig. 147. Diagram of compound eye, constructed according to Grenaciier.

Fig. 148. Diagram of compoimd eye to illustrate its origin at a modified single

ocellus (compare fig. 146).

Fig. 149. Diagram of the eye oiPecten to show the formationofasecondimage over

the first; the rays of light from a.h. form a curved, inverted image upon

the layer of rods, x.y. ; but the rays of light diverging from x.y. are reflect-

edby the curved mirror ay. (the argentea), and come again to a focus ata-.

y.\ with the microscope one sees the less distinct, second image at x.y.K

Fig. 150—152. Three drawings to show the supposed methodby which the eyes of

Pecten originated ; fig. 150 an open cup, the retineum of which consists

of rodless retìnulae, arranged in two layers, jjg.^ —
-, and of colorless and

double retinophorae. Fig. 152, the cup has closed, and the anterior wall

of the vesicle has become most highly developed, while the rods of the

posterior wall, rhA, nearly disappear; the basai membrane, fig. 150, h.mJ

forms the septum. Fig. 152, some of the nerve fibres have united to form

two brauches, those which supplied the floor of the primitive cup remain

isolated 7ì.fA and probably give rise to the fibres, with spindle-shaped

swellinfis, which penetrate the sclerotica, and tapetum; PI. 30, fig. 39,

X. ; the rods of the posterior wall of the optic vesicle form the vitreous

network of the adult, v.r.

Fig. 153. Diagram representing the transformation of a neuro-epithel celi, b., with

its nervous Prolongation, x. , into abipolar ganglionic one, e., and finally into

a multipolar ganglionic one/. * and/.-; a., is a myo- epithel cell with its

root-like and radiating fibres which unite to form a basai membrane ;
ce.

is the corneal cuticula, and r.c. the retinidial cuticula, containing the retia

terminalia of the hypodermic nerves; g., and /*., represent modifica-

tìons of hypodermic cells, with their retia terminalia, to form the omma-

tidia of an invaginate and compound MoUuscan eye.
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